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CPAfTBl  1.  -  IimtCrOCTlOB 

1.1  LOCATION  MB  BBSOULfTlOB.  Rocky  Mountain  Arsenal  (RMA)  occupies  17,000 
•crea  in  Adana  County,  Colorado,  10  ailos  northeast  of  Denver's  city  center 
and  directly  north  of  Stapleton  International  Airport.  The  Worth  Boundary 
Expansion  Project  (NBE)  is  located  at  the  north  boundary  of  RMA  in  Sections 
23  and  24,  T2S,  R67W. 

The  project  consists  of: 

(1)  A  bentonite  slurry  cutoff  barrier  at  least  30  inches  wide,  keyed 
into  iapervious  bedrock  and  tiod  into  the  pilot  barrier.  The  expanded 
barrier  extends  3,840  feet  to  the  east  and  1,400  feet  to  the  southwest  of  the 
pilot  barrier,  as  shown  on  Plate  5.  Total  length  of  the  barrier  including 
the  pilot  systea  is  6,740  feet,  with  an  average  depth  of  33  feet. 

(2)  A  total  of  48  dewater  walls  upgradient  of  the  barrier.  Nineteen  of 
these  wells  dewater  peraeable,  potentially  contaainated  Denver  Formation 
sandstone. 

(3)  Twenty-six  recharge  walls  down  gradient  of  the  barrier. 

(4)  Thirty-nine  monitor  wells  for  monitoring  ground-water  levels  and 
contmination.  Five  of  the  wells  arc  cluster  wells  for  saapling  at  several 
depths . 

(5)  A  treatment  plant  for  raaoval  of  organic  contaminants  by  carbon 
absorption  colons  with  an  average  flow  capacity  of  440  GTM. 

1*2  OngTOCngi  ADI  noun .  The  Worth  Boundary  Containment/ Treatment  Systea 
project  as  authorised  by  Directive  Wo.  14,  Design  80-NCA-0aaPa  District, 
dated  16  August  1979.  This  as  an  8A  set-aside  pilot  progras ,  with  a  Saall 
Business  Administration  negotiated  contract. 
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1.3  miposi  OP  tgPOP.  This  report  was  written  in  compliance  with  regu¬ 
lation  El  1110-1-1801,  dated  14  January  1972,  which  requirea  aa-bniit 
foundation  reporta  for  all  major  or  unique  conatruetion  projects.  These 
reporta  are  made  to  enaure  the  preaervation  for  futare  uae  of  information 
related  to  foundation  eonditiona  encountered  during  conatruetion,  methoda 
uaed  to  adapt  atructuraa  to  thaae  eonditiona,  conatruetion  methods  and  proce¬ 
dures,  contract  modifications,  design  assumptions,  deficiencies  in  p"-«ns  and 
specifications,  and  possible  causes  of  future  problems.  This  information 
will  also  be  part  of  the  project  Operation  and  Maintenance  Manual  and  can  be 
uaed  for  planning  future  ezplorationa  or  ins tr Mentation,  designing  future 
work  or  remedial  measures,  and  providing  ease  histories  for  uae  in  design  of 
comparable  projects. 

1.4  FBOJBCT  PSTQgr.  IMA  was  established  in  1942  to  produce  chemical 
warfare  agents  and  incendiary  munitions.  Since  1946,  portions  of  the  IMA 
facilities  have  been  leased  to  private  industry  for  chemical  nanufac taring. 
Production  of  chemical  warfare  agents  continued  at  IMA  until  1957.  In  1971, 
a  demilitarisation  progress  was  initiated  at  IMA  to  redace  stocks  of  obsolete 
chemical  agents  and  munitions.  Chemical  production  by  private  industry  and 
the  demilitarization  program  were  still  in  operation  during  construction  of 
the  Worth  Boundary  Expansion. 

1.4.1  During  the  production  years  (1942  to  1956),  the  industrial 
wastes  generated  at  IMA  by  private  leasee  and  Government  operations  were 
disposed  of  in  uniined  ponds.  Basin  "A,"  located  in  lection  36,  was  the  most 
extensively  used  uniined  pond.  At  the  peak  of  predeetion  in  1955,  the 
surface  water  area  in  Basin  A  reached  approximately  300  acres.  The  use  of 
the  natural  basin  with  no  other  previsions  for  masts  containment  allowed 
large  amounts  of  contamination  to  percolate  into  tbs  gro«s»d-water  systma. 
Uniined  Basina  "C,"  "D,H  "E,"  and  "I"  wars  also  used  dmring  this  time  to  con¬ 
tain  overflow  wastes  from  Basin  "A." 


1-2 


1.4.2  The  first  indication  of  ground-water  contamination  outside  of 
RMA  cane  with  a  formal  let'.er  request  for  investigation  from  the  Great  West¬ 
ern  Sugar  Company  to  Brigadier  General  C.  S.  Shadle,  IMA,  dated  4  June  1954. 
A  subsequent  letter  from  the  Great  Western  Sugar  Company  to  the  Chief  of 
Engineering  and  Service  Division,  IMA,  dated  18  June  1954,  related  more 
information  concerning  ground-water  contamination.  The  letter  described  a 
correlation  between  crop  damage  and  irrigation  water  from  wella  in  farmland 
adjacent  to  RMA  as  early  as  1951.  Studies  of  the  problem  were  initiated  in 
November  1954  by  the  Corps  of  Engineers,  Omaha  District,  in  cooperation  with 
the  U.S.  Geological  Survey  (USCS)  at  the  request  of  the  Commander,  Rocky 
Mountain  Arsenal.  The  COE  Study,  "Report  on  Ground-Water  Contamination,” 
September  1955,  consisted  of  well-sample  analyaes  for  contamination  and  an 
electrical  resistivity  investigation  to  determine  contaminant  migration 
patterna.  Tnis  study  was  supplemented  by  a  DSGS  open  file  report  by  Petri 
and  Smith,  dated  August  1956.  These  studies  delineated  general  patterns  of 
contaminant  migration,  and  they  recomeended  that  a  'program  be  implemented  to 
monitor  the  contaminated  ground  water. 

Another  study,  conducted  by  the  Ralph  M.  Parsons  Company  under  contract 
with  the  Corps  of  Engineers,  Omaha  District,  resulted  in  "The  Pinal  Report, 
Disposal  of  Chemical  Wsstes,  Rocky  Mountain  Arsenal"  on  September  29,  1955. 
This  report  described  studies  of  toxicity  to  plants,  chemical  constituents  in 
irrigation  wells  near  DMA,  and  provided  recommendations  for  cost-effective 
further  actions.  The  recommended  actions  included ;  (1)  reducing  the  volume 

of  contaminated  water  discharge  from  plants,  (2)  applying  asphalt  membrane 
seals  in  existing  storage  reservoirs,  (3)  investigating  the  possibility  of 
reducing  wastes  into  salable  by-products ,  (4)  neutralisation  of  surplus  acids 
into  salts,  and  (5)  solar  evaporation  of  a  portion  of  the  waste  liquids  in 
.he  reservoirs  to  reduce  liquid  contents.  It  also  recasmKnded  against  the 
u*e  of  an  injection  well  for  disposal  of  liquid  wastes. 

Many  of  the  reccmsModations  were  followed  for  reduction  of  waste 
volumes,  and  existing  Basin  "I"  was  lined  with  sn  impermeable  sprayed  asphalt 
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membrane  covered  with  1  foot  of  clay  soil.  Apparently  no  study  of  bentonite 
aealed  reservoirs  was  conducted  and  no  othttr  waste  reservoirs  were  lined  to 
prevent  continued  leaching  of  eontmainants  into  the  ground-water  aquifer. 
All  process  wastes  since  1956  have  been  placed  in  Baain  "F." 

1.4.3  The  U.S.  Public  Health  service,  acting  on  claims  of  crop  damage 
from  the  uae  of  irrigation  water  on  lands  adjacent  to  SMA  in  1958,  performed 
a  survey  of  damages.  This  study  resulted  in  a  report  reissued  in  November 
1959  which  acknowledged  the  Government's  responsibility  for  contamination  of 
8MA-area  ground  water.  This  report  provided  iapetus  for  containment  and 
cleanup  of  contaminated  ground  water  leaving  Ki.  The  Omaha  District  was 
directed  to  perform  a  preliminary  study  of  the  ground-water  problem  at  KMV  by 
Office,  Chief  of  Engineers  (OCE),  Directive  Ho.  1,  dated  18  March  1960. 
Results  of  this  preliminary  atudy  ware  submitted  to  OCE  in  report  form  dated 
11  May  1960. 

1.4.4  By  letter  from  OCE,  dated  11  July  1960,  the  Omaha  District  waa 
directed  to  proceed  with  completion  of  the  final  integrated  study  of  the 

)  ground-water  contamination  at  IMA,  based  on  information  available  at  that 

time.  This  study  resulted  in  the  comprehensive  report  "Program  for  Reclama¬ 
tion  of  Surface  Aquifer,"  dated  January  1961.  This  report  accurately 
described  the  nature  and  extent  of  contamination,  the  nature  of  the  phyto¬ 
toxicants,  and  supplementary  methods  of  waste  disposal.  It  also  provided 
several  aeheoMS  for  containment  of  the  contamination.  These  schemas  included 
the  locations  for  barriers  which  ware  used  when  designing  the  North  Boundary 
Expansion.  Also  recaasunded  was  a  program  for  monitoring  contamination  and 
ground-water  flows,  and  a  pr ogres  for  farther  study  of  the  nature  of  the 
contaminants  and  their  effect  on  plants  and  animals. 


1.4.5  By  the  summer  of  1959,  Basin  "1"  mas  dangerously  close  to 
capacity  for  two  reasons:  (1)  the  production  of  liquid  wastes  exceeded  expec¬ 
tations,  and  (2)  Baain  "F,"  the  only  lined  basin,  had  only  two-thirds  the 
capacity  recommended  in  the  Corps  of  Engineer's  sponsored  study  due  to 
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limited  fundi  available  to  the  Chemical  Corpi.  The  Chemical  Corps,  acting  on 
the  advice  of  their  Industrial  Advisory  Council,  decided  upon  a  deep  well  for 
the  underground  injection  of  future  wastes.  Under  contract  to  the  Omaha  Ml* 
trict,  U.S.  Army  Corps  of  Engineers,  E.A.  Pol  unbus,  Jr.,  and  Associates, 
Inc.,  produced  the  report,  "Final  Design  Analysis,  Pressure  Injection  Dis¬ 
posal  Hell,  Rocky  Mountain  Arsenal,"  in  July  1960. 

The  injection  well  was  drilled  in  196!  under  the  supervision  of  Omaha 
District  to  a  depth  of  over  12,000  feet.  The  well  penetrates  pre-Cambrian 
gneiss.  This  well  was  unique  in  that  it  was  by  far  the  deepest  injection 
well,  and  the  injection  area  was  in  fractured  crystalline  rock  as  opposed  to 
sedimentary  rock  canmonly  used  for  injecting  wastes.  Regular  pressure  injec¬ 
tion  of  smites  from  Basin  "F"  began  8  March  1962.  On  23  November  1965,  David 
M.  Evans,  a  Denver  geologist,  publicly  announced  the  results  of  a  study  con¬ 
ducted  by  him  which  alleged  that  injection  of  liquid  wastes  in  the  deep  well 
at  RMA  was  causing  earthquakes  in  the  Denver  area.  Mr.  Evans  based  hie 
allegation  on  the  statistical  correlation  between  volumes  of  waste  injected 
into  the  well  and  the  frequency  of  earthquake  events.  This  correlation 
covered  the  period  from  March  1962  to  October  1965,  during  which  a  total  of 
150  million  gallons  of  waste  were  injected  and  a  total  of  710  earthquakes 
were  recorded.  Interest  in  a  relationship  between  injection  of  fluids  and 
earthquakes  soon  became  widespread.  Upon  the  advice  of  the  Corps  of  Engi¬ 
neers,  RMA  reduced  the  rate  of  waste  injection  on  20  January  1966  and  discon¬ 
tinued  injection  altogether  on  20  February  1966.  The  investigation  of  the 
situation  then  expanded.  The  U.S.  Geological  Survey,  University  of  Colorado, 
Colorado  School  of  Mines,  and  the  Corps  of  Engineers,  Qseha  District,  coop¬ 
erated  on  the  investigation.  The  correlation  between  injection  rates  and 
earthquake  frequency  was  confirmed,  and  in  February  1969  injection  of  waste 
was  permanently  discontinued.  Process  wastes  ware  again  stored  in  Basin  "F." 

In  1974,  contaminants  that  originated  from  BMA  operations  wars  detected 
in  surface  waters  located  to  the  north  of  8MA  and  in  walls  located  near  the 
city  of  Brighton.  The  State  of  Colorado  Department  of  Health,  following 
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Resource  Conserve cion  end  Recovery  Ac C  guidelines,  issued  three  Cesse  end 
Desist  Orders  tgeinst  Shell  Chernies!  Company  (SCC)  end  KMA  in  April  1975. 
These  Orders  stated  that: 

(1)  SCC  and  HA  immediately  stop  the  off-post  discharge  of  contam¬ 
inants  ,  both  surface  and  subsurface. 

(2)  Take  action  to  preclude  future  off-post  discharge  of  contaminants. 

(3)  Provide  written  notiee  of  compliance  with  item  (1). 

(4)  Submit  a  proposed  plan  to  meet  the  requiraeents  of  item  (2). 

(5)  Develop  and  institute  a  surveillance  plan  to  verify  coepliance  with 
itema  Cl)  and  (2). 

Aa  a  result  of  these  orders,  a  program  mss  developed  to  satisfy  the 
compliance  criteria.  The  TOE  is  one  of  several  projects  designed  to 
implement  this  program. 

1.5  CaBMCari  TOP  comer  FPPPTCSIOP.  The  contract  was  awarded  to 
Alvarado  Construction  Company,  1260  Santa  ?a  Drive,  Denver,  Colorado.  As 
prime  contractor,  Alvarado  Construction  built  the  treatment  building  addi¬ 
tion,  wet  wells,  sumps,  well  bouse  assemblies,  and  performed  site  seeding. 
The  contract  began  in  January  1981,  and  site  grading  and  clearing  work  began 
in  February  1981.  The  slurry  trench  and  well  construction  began  in  April 
1981  and  were  completed  in  August  1981.  The  entire  project  was  essentially 
completed  by  October  1981. 

8everal  sdbeontr actors  were  involved  in  the  project  construction  and  are 
listed  on  Table  1. 
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Engineered  Construction 
International  (ECI) 

7400  S.  Alton  Ct. 

Englewood,  CO 

Bechtold  Drilling  Co. 

7790  W.  41st  Ave. 

Wheatridge,  00 

Franxen  &  Sons 
5570  E.  56th  Ave. 

Denver,  CO 

Tony's  Painting 
1990  W.  Baltic  Place 
Englewood,  00 

Sturgeon  Electric 
300  Vallejo 
Denver,  00 

Western  Testing 
775  Sheridan  Blvd. 

Denver,  00 

Chen  &  Associates 
3405  If.  El  Paso 
Denver,  00 

Western  Blasting  Contractors,  Inc. 
3155  If.  Commerce  Ct. 

P.0.  Box  1107 
Castle  Dock,  CO 


BOtX  PEIFPUgD 

Site  grading,  service  roads,  slurry 
trench  excavation  and  backfill. 

Dewater  sod  recharge  wells. 

Water  collection/distribution  piping. 

Painting  on  site. 

Electric  high  lines  and  poles. 

Concrete,  gradation,  and  backfill 
testing. 

Additional  testing,  including  barrier 
perse ability. 

Blasting  in  trench  excavation. 


The  treatment  plant  was  constructed  under  the  direction  of  KMA  by  Weotvaco. 

1.6  KKT  ngUOTT  AHP  0881(31  STAFF.  Design  of  the  system  was  developed  by 
Black  4  Veatch  Consulting  Engineers,  Kansas  City,  Missouri,  with  Earth 
Science  Associates,  Ft.  Collins,  Colorado,  as  the  hydrologic  investigators. 
Omaha  District,  under  District  Engineer  Colonel  V.  D»  Stipo,  provided  engi¬ 
neering  review  and  construction  inspection  of  the  project.  Key  design  person¬ 
nel  in  Engineering  Division  include  G.  TTilliams,  Military  Braneh;  L.  Tate, 
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Design  Branch;  M.  Taylor..  M.  Kelley,  0.  Spring,  E.  Kovanic,  and  J.  Zeltinger, 
Foundations  and  Materials  Branch.  C.  Sksith,  Foundations  and  Materials 
Branch,  provided  field  inspection  and  geotechnical  expertise  during  the  well 
and  siurry  trench  construction.  Construction  Division  personnel  include 
W.  Kvans  and  R.  Caraveaux,  Supervision  and  Inspection  Branch.  The  Rocky 
Mountain  Brea  Office,  under  Colonel  P.  US  inert ,  Brea  Engineer,  was 
responsible  for  project  construction.  Kay  Rocky  Mountain  Area  personnel 
include  K.  Tbonen,  Resident  Engineer,  and  R.  McRae,  Project  Engineer. 
Technical  expertise  and  review  during  design  and  construction  wes  provided  by 
J.  Albritton,  Missouri  River  Division  geologist. 

Design  of  the  treatment  system  wes  retained  by  SMA.  The  ays  tea  was 
designed  by  Rt&ul-Hager,  Inc.,  with  technical  review  by  RMA.  Key  KMA  person¬ 
nel  include  Dr.  W.  Mclfiel,  C.  Loven,  and  E.  Berry. 

Review  of  plans  and  specifications  wes  performed  by  the  D.S.  Army  Toxic 
and  Hazardous  A-eament  Materials  Agency  (D8ATHAMA),  D.S.  Arey  Materiel  Devel¬ 
opment  and  Readiness  Command  (DARCOM),  and  ARRCCK.  Initial  studies  and  the 
)  Envirotaental  Impact  Statement  were  accomplished  by  OSATHAMA. 
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Design  franch;  M.  Taylor,  M.  Kelley,  0.  Spring,  E.  Rovanic,  and  J.  Zeltinger, 
Foundations  and  Materials  Branch.  C.  Smith,  Foundations  and  Materials 
Branch,  provided  field  inspection  and  geotechnical  expertise  during  the  well 
end  slurry  trench  construction.  Construction  Division  personnel  include 
W.  Evans  and  R.  Caraveaux,  Supervision  and  Inspection  Branch.  Hie  Rocky 
Mountain  Area  Office,  under  Colonel  ?.  We  inert,  Area  Engineer,  was 

responsible  for  project  construction.  Kay  locky  Mountain  Area  personnel 

include  K.  Thonen,  Resident  Engineer,  and  R.  McRae,  Project  Engineer. 
Technical  expertise  and  review  during  design  and  construction  was  provided  by 
J.  Albritton,  Missouri  River  Division  geologist. 

Design  of  the  treatment  system  was  retained  by  KMA.  The  system  was 

designed  by  Rube 1-Hag er,  Inc.,  with  technical  review  by  KMA.  Key  HMA  person¬ 

nel  include  Dr.  W.  McNiel,  C.  Loven,  and  E.  Berry. 

Review  of  plans  and  specifications  was  perfbraad  by  the  O.S.  Army  Toxic 
and  Hazardous  Armament  Materials  Agency  (USATBAMA),  0.8.  Army  Materiel  Devel¬ 
opment  and  Readiness  Camsund  (DARCOM),  and  ARRCGM.  Initial  studies  and  the 
Environmental  Impact  Statement  were  accomplished  by  USATBAMA. 


agna  2.  -  poowdaxiow  rniamai  amp  nrom 

2.1  Many  organisation*  ware  involved  in  the  design  studies  for  this  project. 
Much  of  the  information  case  frea  the  numerous  piezometers,  borings,  aonitor 
wells,  and  cheaical  analyses  performed  by  RMA  personnel.  The  pilot  contain- 
aent  and  treatment  systaa,  built  in  1978,  provided  basic  design  inforaation 
for  Che  MBS  project.  Other  government  agencies  involved  with  investigation* 
for  this  project  include  tbe  Qnaha  District  Corps  of  Engineers,  Waterways 
Experiment  Station,  0.  S.  Army  Toxic  and  Hazardous  Asaaaent  Materials  Agency, 
U.  S.  Geological  Survey,  and  the  Colorado  Department  of  Health. 

2.2  PRB-CtMBIkPCTIfil  nroTOEMW.  A  number  of  pump  teste  and  interfer¬ 
ence  teste  were  per f o need  prior  to  1961  to  determine  aquifer  and  ground-water 
characteristics.  From  tbe  test  data  obtained,  the  hydraulic  conductivity  fac¬ 
tor  was  1,500  ft/day;  the  factor  for  the  average  storativity  was  20Z.  Aver¬ 
age  porosity  was  computed  as  3SZ.  The  distance  from  Reservoir  A  (Plate  85) 
to  the  South  Platte  River  showed  a  20  ft/ai.  hydraulic  gradient,  with  the 
average  velocity  of  movement  16  ft/day. 

2.2.1  A  comprehensive  study  of  ground-water  contamination  was  com¬ 
pleted  by  the  Omaha  District  Corps  of  Engineers  in  January  1961.  This 
report,  titled  "Program  for  Reclamation  of  Surface  Aquifer,  Rocky  Mountain 
Arsenal,"  was  the  first  report  to  identify  major  contmainant  sources  and  con¬ 
taminated  ground-water  plummes,  as  wall  as  provide  containaant/collection 
system  schemes  and  locations  for  the  proposed  systems.  All  following  investi¬ 
gations  generally  confirmed  the  hydrologic  inforaation  and  preferred  contain¬ 
ment  systaa  locations  as  subemi  tted  in  the  1961  report.  The  information 
derived  from  this  report  is  shown  on  Pistes  1  through  4.  The  disposal 
methods  far  contaminated  water  are  not  included  in  this  report. 

2. 2. 1.1  In  May  1976,  the  Decontamination  Systems  Technical 
Working  Group  directed  the  Waterways  Experiment  Station  (WES)  to  develop 


interim  design  criteria  for  a  snail  scale  containment/ treatment  system  for 

the  Arsenal,  which  included  a  pilot  slurry  wall.  Previous  studies  by  the 
USGS  had  used  hydrologic  models  which  indicated  contaminant  flow  problems  at 
the  north  boundary.  The  WES  program  included  a  series  of  well  panping  tests 
at  the  Arsenal  to  establish  aquifer  characteristics  and  soil  sampling.  Soil 
smsples  were  provided  by  WES  to  D'Appolonia,  Consulting  Engineers,  Inc. 

2. 2. 1.2  In  addition,  the  WES  study  included  a  water  quality 

monitoring  program,  determination  of  sampling  methods,  ana  the  determination 
of  ground-water  and  contaminant  flow.  It  was  found  that,  although  ground 

water  in  the  area  was  hydraulically  a  single  body  of  water,  it  could  beat  be 
represented  by  considering  the  flow  as  two  separate  bodies  of  water  tdiich 
converged  at  the  north  boundary.  One  of  the  flows  moves  under  Basin  "F" 

tdiere  contaminants  are  leeched  from  the  basin  and  flow  northward.  Ground 
water  levels  force  the  contaminants  to  follow  an  old  channel  that  trends 
northeast  out  of  the  Basin  ** P **  area.  As  the  contaminants  migrate  along  the 
cnannel  to  a  point  just  east  of  the  line  between  Sections  23  and  24,  they  are 
pushed  to  the  north  by  the  inflow  of  uncontasinated  water  from  the  southeast. 
It  was  found  that  ground-water  flow  velocities  ranged  between  0.3  em/day  to 
100  cm/day  and  in  the  area  of  major  contamination  were  about  12  cm/day. 

2. 2. 1.3  The  sampling  and  testing  program  by  WES  also  provided, 
soil  parameters  on  moisture  content,  unit  weight,  Atterberg  limits,  grain 
sise  distribution,  and  sh.iar  strength.  Soil  borings  imre  made  by  RMA  and 
testing  done  by  WES.  Miltistage  and  single  stage  aquifer  puap  tests  were 
performed  to  determine  trsnsaissivities  and  specific  capacities.  Pump  tests 
indicated  that  the  aquifer  was  under  semiconfined  conditions.  The  WES 
studies  also  recommended  the  pilot  slurry  trench  which  was  installed  by  RMA. 

2. 2. 1.4  D'Appolonia,  Consulting  Engineers,  Inc.,  ran 
permeability,  viscosity,  and  density  tests  on  soil  samples  that  were  provided 
by  WES.  Soil  properties  were  evaluated  for  paras  Ability  and  for  suitability 
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for  mixing  with  bentonite  slurry  for  backfill.  Two  types  of  soils  were 
tested  for  permeability  tests;  one  was  a  fine  to  coarse  sand  (Soil  A)  and  the 
other  a  sandy  clay  (Soil  -)  with  67  percent  passing  the  Ito.  200  sieve. 
Soil  A  classified  as  an  SM  and  Soil  B  was  a  CL.  Bentonite  used  for  the 
slurry  mix  was  premium  gel  and  the  permeating  fluid  consisted  of  a  50-percent 
Basin  "P"  fluid  diluted  with  distilled  water.  The  soil  bentonite  samples 
were  mixed  to  obtain  a  40— second  marsh  cone  value.  Test  specimens  ware 
allowed  to  consolidate  in  triexial  cells  under  1  kg/  cm^  pressure,  and 
permeated  with  distilled  water  for  several  days  until  the  samples  were 
•nturated  and  de-aired.  The  50— percent  diluted  Basin  "I"  fluid  was  than 
applied  to  the  sample  as  the  permeating  fluid.  Permeability  values  were 
computed  by  using  Darcy's  law  tdiere  Q  -  KiA.  Table  2-1  gives  permeability 
teat  results  and  Table  2-2  is  a  description  of  the  test  samples.  Figures  2-1 
and  2-2  are  gradation  curves  for  soil  types  A  and  B. 
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Table  2-1 
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5.1  x  10”8 
1.6  x  10~8 
2.0  x  10  8 
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1.9  x  10“7 
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TABLE  2-2 

DESCRIPTION  OF  TEST  SAMPLES 

Description 


Cement-bentonite 

Soil  A  +  bentonite  +  102  Soil  B. 

Soil  A  +  bentonite  +  252  Soil  B. 

Soil  A  +  bentonite  +  402  Soil  B. 

Soil  A  nixed  with  102  of  i  1  to  15 
dilution  of  the  Basin  F  fluid  which 
is  then  air  dried.  Subsequently, 
102  Soil  B  and  12  dry  bentonite  is 
nixed  into  the  sample  and  then 
slurry  is  added  to  obtain  the  re¬ 
quired  slump. 

Soil  A  nixed  with  102  of  a  1-  to  15 
dilution  cf  the  Basin  F  fluid  which 
'  is  then  air  dried.  Subsequently, 

12  dry  bentonite  is  mixed  into  the 
sample,  and  then  slurTy  is  added  to 
obtain  the  required  slump. 

Cement-bentonite  with  Marasperse 
C-21  (an  additive). 

Soil  A  +  bentonite  +  102  soil  B; 

Soil  A  bentonite  +252  Soil  B. 

Soil  A  +  bentonite  +  402  Soil  B. 

Soil  A  mixed  with  102  of  a  1  to  15 
dilution  of  the  Basin  F  fluid  which 
is  then  air  dried.  Subsequently, 
102  Soil  B  and  12  dry  bentonite  is 
mixed  into  the  sample  and  then  . 
slurry,  is  added  to  obtalo  the  re¬ 
quired  slump. 

Soil  A  +  bentonite  +  102  Soil  B. 
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D'Appolonia  also  constructed  a  model  bentonite  slurry  trench  to  test 
viscosity  and  density  of  the  bentonite  slurry.  Soil  type  A,  Premium  Gel  Ben¬ 
tonite,  end  Basin  "P”  fluid  (diluted  15:1  with  distilled  water)  was  used  in 
the  model.  Teat  results  of  the  slurry  mix  are  given  on  Table  2-3. 

2.2.2  The  issuance  of  the  Cease  and  Desist  Orders  by  the  Colorado 
Department  of  Bealth  resulted  in  the  resumption  of  studies  for  containing  and 
treating  contaminated  ground  water  at  BMA.  Several  schemes  were  studied  to 
determine  the  best  method  for  treatment  of  BMA  waste,  resulting  in  the  selec¬ 
tion  of  a  carbon  absorption  system  in  eonjmetion  with  a  bentonite  barrier, 
dewater  wells,  and  recharge  wells,  to  be  placed  at  the  north  boundary  as 
shown  on  Plate  5.  The  pilot  containment  system  was  to  be  studied  for  further 
application  of  this  procedure,  if  effective.  The  pilot  system,  built  in 
1978,  proved  to  be  effective  in  treating  the  contaminated  ground  water  to  the 
required  standards.  It  was  determined  that  the  pilot  system  ms  to  be 
expanded  to  treat  ell  contaminated  water  at  the  north  boundary  to  the 
standards  shown  in  Table  2-4. 
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TABLE  2-4 


) 

APPLICABLE  UKKI  XI 

wmem  wntnc  mm  mgng 

Aldrin  Bold  exposure  to  a  "Quality  Criteria  for  water"  in,  1976 

uiniauu 

0.0002  ag/1  State  of  Colorado  Halt  per  letter  to 

Cia— ■  nder,  BU  (Appendix  B) 

1.3  mg/i  (Toxicity)  Ttaeee  guideline*  are  recommended  by 

0.024  ag/1  (odor)  the  OS  Amy  Medical  Bioengineering 

Research  &  Development  Lab  (26  Ang  76) 
0.3  ag/1  aad  are  baaed  on  Toxicology  studio* 

conducted  by  the  Azay.  The  national 
Ac ad any  of  Seieneae  Canal t tee  on 
Military  Znvironaental  Research  has 
reviewed  the  procedures  and  results  of 
the  Toxicology  studies  and  concurred 
in  the  drinking  aster  levels  (1  Tab 
77).  The  Stats  of  Colorado  has  con¬ 
curred  with  the  0.3  ag/1  level  for 
DWP  but  has  requested  the  Aray  to 
aeet  a  lower  liait  of  0.024  ag/1  for 
DC  PD  based  on  an  odor  threshold  value. 

Bold  exposure  to  a  "Quality  Criteria  for  Biter"  SPA  1976 

minimum 

End r in  0.0002  ag/1  SPA  Rational  Interim  Primary  Drinking 

Biter  Regulation 

Fluoride  2.4  ag/1  State  of  Colorado  liait  for  quality 

of  reinjection  water  per  letters  to 
Commander,  BfA  (Appendix  B) . 

1.8  ag/1  SPA  Rational  Interim  Primary  Drinking 

Rater  Regulation,  1975  (Temperature 
dependent  value) 

p  -  Chi orophenylaethylsul fide)  State  of  Colorado  interia  standard 

p  -  Chlorophenylasthylsulfoxide)  -  sub  of  three  not  to  exceed  100  ag/1 
p  -  Chlorophenylaethylsulfone) 
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The  pilot  facility  ms  to  be  expanded  by  extending  the  cutoff  wall 
3,840  feet  east  and  1,400  feet  to  the  west.  Additional  dewatering  wella  were 
provided  to  intercept  all  of  the  flow  in  the  alluvial  aquifer  and  suapected 
or  posaible  contaminated  flowa  in  the  upper  Denver  Sande.  Treatment  capacity 
wwa  to  be  expanded  and  additional  recharge  wella  provided  to  reinject  treated 
water  to  essentially  restore  the  natural  flow  syataa.  Other  design 
considerations  were  as  follows: 

(1)  The  concept  adapted  by  MA  and  COE,  based  on  criteria  received  from 
HMA,  required  detailed  quantification  of  flow  and  contaainant  fluxes  for  each 
segment  of  the  alluvial  aquifer,  so  that  three  aones  of  flow  could  be 
intercepted  and  manifolded  to  separate  treatment  modules.  Dewatering  wells 
were  to  be  distributed  across  the  entire  flow  system  to  minimize  dispersion 
of  contaminants  by  gradient  changes. 

(*i)  Alluvial  aquifer  dewatering  wells  upgradient  from  the  cutoff  wall 
were  to  selectively  intercept  three  zones  of  contamination  by  manifolding 
groups  of  walls  across  the  barrier,  thus  permitting  separate  treatment  of 

these  waters. 

(3)  The  dewatering  rate  was  as  close  to  the  natural  flow  rate  as 

possible,  and  to  slightly  exceed  the  natural  flow  rate,  at  least  during 
initial  years  of  operation,  to  prevent  excessive  rise  in  water  levels  and 

flooding  over  the  cutoff  wall  in  low  lying  areas. 

(4)  The  cutoff  wall  extensions  wers  to  be  constructed  by  excavating 

bentonite  rlurry  trenches  backfilled  with  select  material  mixed  with 
bentonite  slurry  to  form  a  hydraulic  barrisr  through  the  alluvium  and  into 

the  Denver  Formation.  The  cutoff  wall  extensions  were  to  penetrate  shallow 
Denver  Formation  sandstone  deposits  having  hydraulic  connection  with  the 

alluvial  aquifer  at  the  barrier.  Additionally,  the  cutoff  well  wes  to  pene¬ 
trate  fractured  shales  of  the  Denver  Formation  to  provide  protection  against 
fracture  flow  through  the  underlying  shales. 


(5)  The  existing  slurry  cutoff  wall  was  to  b«  laft  mdisturbsd .  Thare 
is  a  shallow  cod  rathar  axtensiva  Danvar  Formation  sandstona  layar  banaath 
the  existing  barrier  that  contains  low  levels  of  contaminants.  Flow  through 
this  sand  layer  was  to  be  intercepted  by  Denver  Formation  sandstone  dewater¬ 
ing  walls,  although  the  flow  through  this  sand  layer  is  only  about  0.75  gpm 
under  existing  gradients  and  available  analyses  indicate  this  water  neats 
standards  for  DMP,  DC  PD,  DBCP  and  Flaorides.  Concern  had  been  expressed 
about  flow  through  fractures  in  shales  between  the  base  of  the  existing 
barrier  and  the  underlying  Denver  Formation  sandstones.  Computations  indi¬ 
cate  this  flow,  if  not  intercepted  by  the  Denver  Formation  sandstone 
dewatering  wells,  would  anount  to  only  0.06  gpn.  Even  if  Denver  Formation 
sandstone  dewatering  wells  were  not  constructed,  flow  beneath  the  existing 
cutoff  well  would  ba  only  0.81  gpm  under  estimated  gradients.  Therefore,  it 
wee  Earth  Science  Associates'  (ESA's)  recommendation  that  the  existing  pilot 
cutoff  well  be  left  undietrubed  end  that  Denver  Formation  sandstone  dewatering 
wells  he  used  to  monitor  the  quality  of  flow  and  dewater  the  shallow  Denver 
Formation  sandstones  on  an  ee  needed  basis. 

(6)  Denver  Formation  sandstone  dewatering  wells  were  to  be  constructed 
to  intercept  suspected  or  possible  contaminated  flows  beneath  the  cutoff  well 
in  the  Denver  Formation  sandstones  to  depths  of  up  to  105  feet.  A  pumping 
depression  was  to  he  developed  to  con  tala  and  collect  these  flows. 

(7)  Recharge  wells  ware  to  he  constructed  downgradient  frae  the  cutoff 
well  to  reinject  treated  water.  Recharge  was  to  be  distributed  across  the 
flow  systew  so  that  natural  flows  were  maintained  within  the  constraints  of 
barrier  operation.  It  was  estimated  that  about  110  percent  of  the  natural 
alluvial  flow  would  be  recharged  because  of  the  overpaying  requirement  for 
,  .eration  of  dewatering  walla,  at  least  during  the  initial  years  of 
operation. 

2.2.3  Design  Methodology.  Existing  data  including  reports  end  field 
logs  were  collected  and  analysed.  Date  stored  on  magnetic  tapes  were  screened 


mm  sr  pat  »;»w>I^!Km«'w^-ttil*) 


and  coded  for  retrieval  in  a  uaabla  form.  Field  data  including  loga  and  pump 
test  data  wire  used  to  check  computer  outputs  and  data  interpretations. 
Preliminary  geologic  sections  sere  constructed,  water  levels  and  cheaical 
data  were  contoured,  and  time  concentration  graphs  were  constructed. 
Existing  puep  test  data  were  reinterpreted  for  hydraulic  peraeters. 

2. 2.3.1  A  field  exploration  program  sea  planned  and  performed 
by  ESA  to  provide  more  detailed  geologic,  geohydrologic,  and  chemical  data. 
Field  work  for  the  project  commenced  January  3,  1980  and  was  completed 

March  23,  1980.  A  total  of  48  boles  were  drilled  (Numbers  1000  through  1047 
on  Plates  19-40)  to  depths  ranging  from  20.5  feet  to  80.0  feet.  Thirty  holes 
sere  located  along  or  adjacent  to  the  proposed  barrier  alinament;  18  boles 
were  located  in  the  vicinity  of  the  recharge  and  discharge  well  alinement.  A 
total  of  19  of  the  holes  were  completed  as  sells.  Gradation  tests  sere  run 
on  62  samples  within  the  alluvia*  and  unconfined  compressive  strength  tests 
were  run  on  rock  cores.  Between  one  and  four  drill  riga  were  operating  on 
the  aite,  five  to  seven  days  per  seek.  Drilling  companies  used  for  the 
project  ware  Custom  Auger  Drilling  and  Virginia  Drilling,  both  of  Denver, 
Colorado. 


2.2. 3. 2  The  3d  exploration  boles  drilled  along  or  adjacent  to 
the  proposed  barrier  alinement  included  Numbers  1000  through  1029.  East  of 
the  existing  pilot  barrier,  depths  ranged  from  65.5  feet  to  75.2  feet  and 
49.9  feet  to  80.8  feet  along  and  to  the  west  of  the  existing  pilot  barrier. 
These  holes  were  drilled  utilizing  the  following  procedure:  A  6-inch  flight 
auger  sms  used  to  auger  through  the  alluvium  and  standard  split-spoon  samples 
were  driven  approximately  every  5  feet.  Five  aud  one-half  inch,  temporary 
steel  casing  was  then  placed  within  the  alluvium  and  partially  into  the 
weathered  Denver  Formation.  The  Denver  Formation  was  cored  continuously  with 
PQ-3  wireline  coring  equipment  (see  Plates  19-40).  Diamond  bits  and  three 
different  types  of  carbide  bits  sere  used.  The  holes  sere  geophysically 
logged  by  Colorado  Hell  Logging  of  Golden,  Colorado.  Spontaneous  potential, 


2-8 


reaitivity,  (ana,  gamma-gamma,  neutron,  and  caliper  logs  were  run  on  each 
hole.  These  loga  are  shown  on  ?lates  47  through  76.  Twenty-five  holaa  were 
backfilled  with  a  50-50  elurry  mixture  of  bentonite  and  cement.  Five  boles 
(Nos.  1024,  1021,  1019,  1018,  and  1017)  were  completed  with  isolated  well 
screen  utilising  a  bentonite  seal  at  the  bottom,  a  filtar  pack  of  pea  gravel 
around  the  screened  interval,  a  bentonite  seal  above  the  screened  interval, 
and  a  50-50  slurry  mixture  of  bentonite  and  cmnt  to  the  surface.  The 
temporary  steel  caaing  was  removed  from  all  of  the  boles. 

2. 2. 3. 3  The  18  holes  located  in  the  vicinity  of  the  recharge/- 
discharge  wall  al in ament  (Nos.  1030  through  1047)  ware  drilled  using  a  6-inch 
flight  or  hollow  stem  auger,  or  5 -inch,  8-inch,  or  11-3/4-inch  tricone  bits. 
Depths  of  the  holes  ranged  from  20.5  feet  to  67.0  feet.  Standard  split-spoon 
samples  were  driven  approximately  every  5  feet  in  Boles  1030,  1031,  1033, 

1034,  1035,  1037,  1038,  1039,  and  1040.  Four  holas,  1032,  1036  (alluvium), 
1041,  and  1045  (Denver  Formation  sandstone),  were  eaapleted  as  wells.  Steel 
easing  and  screen  6  inches  in  diameter  was  installed  in  Utile  1031  and  1036, 
and  a  gravel  envelope  was  used  around  the  screen.  Welle  1041  and  1045  in  the 
Denver  Formation  sandstone  ware  completed  using  4-inch  slotted  PVC  and  a 
thin  gravel  envelope.  A  conductor  easing  was  cemented  into  the  alluvium 
above  the  screened  aones.  Pump  tests  ware  run  on  these  holes  for  up  to  five 
days.  Nine  holas,  1030,  1031,  1033,  1034,  1042,  1043,  1044,  1046,  sod  1047, 
were  completed  as  observa  ion  wells  using  2-inch  slotted  PVC  pipe.  The  five 
holes  not  completed  as  wells,  1035,  J037,  1038,  1039,  and  1040,  ware 
backfilled  with  a  50-50  slurry  mix  of  bentonite  and  csment. 

2. 2. 3.4  Pump  tests  of  walls  in  borings  1032,  1036,  1041,  and 
1045,  in  addition  to  aquifer  tests  performed  by  Waterways  Experiment  8tation 
(see  Tables  2-5,  2-5a,  2-5b,  and  2-6),  were  used  to  design  dewatering  wells. 
These  wells  are  designed  to  develop  a  punping  trough  to  intercept  possible 
contaminated  sands.  Distance  drawdown  calculations  ware  used  to  design  wall 
spacing  and  pumping  ratas.  Because  of  the  irregular  configuration  and  loca¬ 
tion  of  sand  lensen,  these  calculations  are  only  approximate  and  adjustments 
in  p taping  ratas  nay  be  required. 


2. 2. 3. 5  Thfe  slurry  cutoff  well  extensions  were  designed  •> 
geologic  end  soils  date  became  available.  Specifications  were  prepared  based 
on  existing  data,  and  backfill  requiraaents  were  evaluated  after  gradation 
tests  of  soils  were  completed.  Excavation  requiraaents  were  incorporated 
into  design  drawings  as  they  became  available. 

2. 2. 3. 6  Construction  aatarials  for  pimps,  pipe,  valves,  etc. 
used  in  the  dewatering  system  are  based  on  results  of  the  Engineering  and 
Construction  Materials  Compatibility  Study  by  the  U.S.  Any  Engineer 
Waterways  Experiment  Station.  Using  agency  experience  confined  that  PVC  is 
the  most  suitable  material. 

2. 2. 3. 7  Monitoring  wells  for  the  alluvial  aquifer  and  the 
Denver  Formation  sandstones  were  located  as  shown  on  Plata  80.  Existing 
wells  were  incorporated  as  much  as  possible  into  the  monitoring  system. 

2. 2. A  Simulation  of  the  gaohylrologic  systea  in  the  vicinity  of  the 
HBE  was  accomplished  by  construction  of  a  digital  model  as  proposed  by 
Trescott,  Pinder  and  Larson  (USGS,  1976).  The  design  concept  of  selective 
interception  of  contaminant  flows  required  a  rigorous  analysis  of  flows 
across  the  boundary  that  could  best  be  simulated  and  analysed  with  finite- 
difference  techniques.  This  model  enabled  simulation  of  flow  segments  across 
the  boundary  within  the  limits  of  precision  of  the  hydraulic  conductivity 
data  and  the  water  level  contours  used  for  calibration  of  the  model.  The 
model  was  then  used  to  distribute  dewatering  and  recharge  rates  for  wells  and 
simulate  the  hydraulic  effects  on  the  alluvial  flow  systea. 

2. 2.4.1  Contaminant  fluxes  for  each  control  constituent  were 
estimated  for  each  dewatering  well  based  on  hydraulic  effects  simulated  by 
the  model  and  evaluation  of  contaminart  plumes.  Also,  upper  limit  fluxes 

estimated  for  each  dewatering  well  based  on  the  highest  concentrations 
upgradient  from  the  barrier  systea.  Dispersion  and  sorptive  effects  were 
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ignored  in  these  ticiucu,  resulting  in  conservative  nlm,  especially  for 
upper  limit  estimates.  This  finite-difference  model  simulated  the  aquifer's 
response  Co  stresses  in  two  dimensions  end  enabled  representation  of  canplex 
boundary  conditions  and  system  heterogeneities  by  approximating  the  partial 
differential  equation  governing  ground  water  flow  with  finite  differences  for 
the  derivatives  at  mmmrous  distinct  nodes  representing  the  aquifer.  The 
resulting  system  of  algebraic  equations  (one  for  each  node  in  the  system)  wns 
solved  using  a  highly  efficient  technique  knows  as  the  "strongly  implicit 
procedure".  for  the  forth  Boundary  model,  the  finite-difference  grid 
contains  2,958  cells  (29  rows  by  102  columns)  as  shown  on  Figure  2-3.  Each 
cell  has  a  node  at  its  center.  The  cells  are  ICO  feet  by  100  feet  near  tho 
slurry  cutoff  wall  aod  are  up  to  100  feet  by  500  feet  to  the  north  and  to  Cne 
south.  Given  a  distinct  system  geometry,  aquifer  characteristics,  boundary 
conditions,  and  initial  water  levels,  the  model  solved  fov  the  average 
hydraulic  heads  at  each  node. 

2.2.4. 2  Boundary  conditions  modeled  consist  of  no- flow 
boundaries  and  constant  head  boundaries.  Ko-flow  boundaries  are  represented 
by  specifying  a  permeability  of  saro  at  the  nodes  outside  the  boundary.  The 
harmonic  mean  of  the  permeability  ut  the  celt  boundary  is  aero,  and  as  a 
result  there  is  no  flow  across  the  boundary.  A  boundary  condition  of  this 
type  was  used  where  alluvium  is  absent  or  ua saturated  and  along  the  small 
^  southeast.  The  bedrock  high  areas  ara  believed  to  be  much  less 
permeable  than  the  alluvial  aquifer,  and  their  treatment  as  no- flow  areas  is 
therefore  justified.  Constant  head  boundaries  ware  assumed  where  no  physical 
boundaries  existed.  Along  these  boundaries,  beads  ware  fixed  at  "steady 

state"  values  idtich  were  based  upon  best  svailabla  water  level  data.  These 
fixed  head  boundaries  will  not  influence  model  results  whan  hydraulic 
stresses  are  located  far  from  these  boundaries  and  the  simulation  period  is 
short. 


2. 2.4.3  The  finite-difference  model  assumes  the  aquifer  may  be 
represented  as  a  two  dimensional,  isotropic,  homogeneous  unconfined  system 
with  a  nonleaky  underlying  layer.  In  other  words,  it  was  assumed  that  the 
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FINITE  DIFFERENCE  GRID 


Denver  Formation  i»  impermeable.  This  la  a  valid  assumption,  for  sideling 
purpose*  becauae  of  the  extremely  low  permeability  of  the  Denver  Formation. 
Within  the  model  area,  recharge  from  precipitation  if.  negligible  and 
evapotranapiration  ia  .ssumed  to  be  negligible.  There  are  evapotranapiration 
loaaea  in  the  bog  area  mainly  dovngradient  from  the  barrier,  but  the  loaaea 
are  eatimated  to  be  leaa  than  5  percent  of  the  alluvial  aquifer  flow. 

2. 2.4.4  Computation  of  ifr-well  hydraulic  be  ad  a  at  the  pumping 
and  recharge  well*  waa  accompli  ahed  by  employing  a  form  of  the  Thiam 
equation.  Thia  waa  neceaaary  for  extrapolating  from  the  average  hydraulic 
head  for  each  cell  to  the  head  a^  the  effective  well  radiua  (8  inches  for 
pumping  wella  and  1  foot  for  recharge  walla.)  Thia  approximation  waa  baaed 
on  the  following  aaauaptiona:  (1)  flow  taken  place  within  a  aquare  well 
block  (grid  cell  in  three  dimenaiona)  and  can  be  described  by  a  ateady  atate 
equation  with  no  external  sources;  (2)  the  aquifer  la  iaotropic  and 
homogeneoua  within  the  well  block;  (3)  only  one  well  ia  in  the  well  block  and 
it  ia  fully  penetrating;  (4)  flow  ia  laminar;  and  (5)  well  loaa  ia 
negligible.  For  deeign  purpose  a,  model  produced  drawdowna  were  increased  by 
10  percent  to  account  for  well  friction  losses.  Extremely  low  friction 
losses  ware  anticipated  because  of  the  large  open  area  of  screens  and  low 
pumping  ratea. 


2. 2. 4. 5  Calibration  of  the  finite-difference  model  consisted  of 
distributing  permeabilities  throughout  the  nodal  system  so  that  model 
simulated  water  levels  watched  observed  water  levels  that  were  reasonably 
near  a  ateady  state.  This  was  necessary  because  inflows  and  outflows  to  the 
syatan  are  unknown,  but  were  assumed  to  be  equal  becauae  recharge  and 
evapotranapiration  within  the  modeled  area  are  negligible.  The  finite- 
difference  model  requires  that  au  average  hydraulic  conductivity,  specific 
yield,  bedrock  elevation,  and  water  level  be  specified  at  each  node.  The 
seturated  thickness  of  the  alluvial  aquifer  was  determined  by  the  elevation 
difference  between  mater  level  contours  shown  on  Figure  2-4  and  bedroex 
contours  shown  on  Figure  2-3.  Saturated  thickness  is  shown  on  Figure  2-6. 
Hater  level  contours  used  are  based  on  spring  1979  water  level  measurements. 
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GROUNDWATER  ELEVATIONS 


These  atit  levels  war*  caaparad  with  ocbar  hiatoric  aster  level  aeasuraaentc 
and  wars  judged  Co  ba  a  reasonably  good  representation  of  steady  atata 
coaditioaa.  Hydraulic  conductivities  and  specific  yialda  aara  baaad  on  six 
puap  caata  parfooaad  by  WES  and  two  pap  Caata  par  fora  ad  by  ESA  is  1980. 
Suuaariaa  of  pap  taat  raaulta  ara  ihoa  is  tabla  2-5  and  Tab  la  2-0.  Data 
froa  WES  test  Walla  2  and  3  wara  aot  uaad  baeaaaa  of  variola  p  taping  rataa. 
Cal cul a tad  apacifie  yialda  rangad  froa  C. 35  to  0.01  and  a  vertically  averaged 
valua  of  0.1  waa  uaad  to  boat  rapreaent  coaditioaa  naar  tha  dawataring  and 
racharga  walla.  Spteific  yiald  ia  not  an  iaportaat  factor  ia  calibration  of 
tha  aodal  bacauaa  it  ia  not  a  function  of  steady  atata  ha  ad  distribution. 
Additionally,  apacifie  capacity  data  froa  tha  pilot  barrier  dawataring  walla 
wara  u»ad  to  check  aodeled  hydraulic  conductivities  ia  tha  vicinity  of  thoaa 
walls.  Aa  a  result,  calibration  of  tha  nodal  is  dapendaat  on  tha  hydraulic 
conduct  iviciaa  assigned  each  node  and  the  accuracy  of  tha  nodal  ad  flows  ia, 
therefore,  dependant  on  tha  validity  of  hydraulic  conductivities  detemined 
fron  punp  taat  data.  Tha  nodaling  technique  forces  fluxes  throughout  tha 
aystan  to  balance  so  that  hydraulic  conductivities  ara  correct  relative  to 
calls  where  punp  test  data  wara  obtained  whan  calibrated  to  observed  steady 
atata  water  levels. 


2.2.A.6  Tha  finita-differanct  aodal  was  calibrated  using  the 
inverse  net hod.  This  net hod  included  tha  following  steps: 

(1)  Developnent  of  steady  stata  aster  levels  which  was  accon- 
plishad  by  contouring  the  bast  svsilablt  watsr  level  data  for  202  obaarvation 
walls  distributed  throughout  most  of  the  aystan.  la  suiting  aetsr  level 
contours  ara  shorn  on  Figure  2-4. 

(2)  Trial  valua  a  of  hydraulic  conductivity  war#  est  lasted  based 
on  punp  teats  between  Basin  F  and  tha  forth  Boundary.  All  available  pusp 
tact  data  wara  analysed  using  tha  unconfiaad  type  curves  of  Hawnan  (1975). 
Initial  hydraulic  conductivities  for  tha  nodal  area  wars  established  using  a 
nodal  calibration  procedure  proposed  by  Bunt  and  Wilson  (1974),  and  Day  and 
Hunt  (1977). 
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TABLS  2*5 
SUMMARY 
Of 

PIHP  TEST  RESULTS 
in 

ALLUVIUM,  ROOT  MOUNTAIN  ARSENAL 


T 

Tost  No.  <**•  W#11  (gpd/ft) 


1032-1 

1031 

1030 

1032-2 

1030 

1031 

Approx.  Average  for 

1032 

1036-2 

1033 

19.864 

23,837 

20,342 

20,342 

21,096 

18,794 


0.003 

0.14 

0.02 

0.0027 

0.0414 

0.01 


NOTES: 

Avert,.  k  in  vicinity  of  noil  10J2  •  •  1,2*1  ItA/tt  •  60,ISt  ft/yr 

k  in  vicinity  of  veil  103*  ■  .  1,709  n>4/ft  •  03,377  ft/yr 

T  »  transaissibility 
S  •  specific  yield 

/  •  horizontal  hydraulic  conductivity  of  alluviu* 
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SUM  TEST  RESULTS  FOR  HYDRGOEOLOGIC 
ASSESSMENT  OF  DENVER  FORMATION  SANDS 
ALONG  NORTH  BOUNDARf 


Z  m  -  m  -  ••  •  H  •  ••  r  M  •  •  «  •  H  -  W  •  •  •• 

IS  I  s  5  2  is  2  5s  is  it  5  5  ill  2  2  si 


is  I  S  5 


2  2  2  5155 
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Not* i  J.H.  May,  D.M.  Thompson,  F.K.  Law, 

R.E.  Mahl  MES  Working  Draft  (1980)  TABLE  2-Sa 


TABLE  2- 5b 

SUMMARY  OF  PUMP  TEST  RESULTS  IN 
DENVER  SANDS,  ROCTY  MOUNTAIN  ARSENAL 


Test  No. 

Obs.  Well 

(gpd/ft) 

S 

k*  /■’ 

■  ' 

(gpd/ft2) 

(ft/yr) 

1041-1 

1042 

176 

0.0004 

0.000176 

15 

0.00264 

0.129 

1041-1 

985 

196 

0.00015 

0.000082 

15 

0.00123 

0.060 

1041-1 

1043 

243 

0.000026  N/A 

N/A 

N/A 

1041-1 

1041 

148 

N/A 

(recovery 

test 

in  pumped  well) 

Approx.  Average 

200 

0.0001 

1045-1* 

1018* 

754* 

0.0042 

(obscured  by  boundary  effects) 

1045-1* 

1046* 

682* 

0.0051 

(obscured  by  boundary  effects) 

♦(Test  aborted  because  constant  pumping  rate  not  maintain,' 
results  unreliable.) 


1045-2 

1018 

234 

0.0027 

(obscured  by  boundary  effects) 

1045-2 

1046 

184 

0.0044 

(obscured  by  boundary  effects) 

1045-2 

1045 

202 

K/A 

(recovery  teat  in  pumped  veil) 

Approx.  Average  200  0.0036 


NOTES: 


AT.r...  k  it  '•ieikity  .1  ..11  1041  .as  .  ,3  c.a/fu  .  405  ft/yr 

*’«”«*  k  iD  o'  “11  10«  .  222  .  u.O  Brf/JU  •  570  ft/yr 


Average  k  (^orix)  Denver  Sands  *  10  gpd/ft^  *  488  ft/yr 
Average  k‘  Denver  Shale  *  0.019  gpd/ft2  v  0.094  ft/yr 


k 


T  *  trananissibility 
S  *  storage  coefficient 

■’  *  saturated  thickness  of  confining  layer  (Denver  Shale) 
k’  *  vertical  hydraulic  conductivity  of  confining  layer  (Denver  Shale) 
^  j  *  hydraulic  conductivity  of  aquifer  (Denver  Sands) 
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TABLE  2-6 


SUMMARY  OF  TRANSMISSIVITY  AND  PERMEABILITY  DATA 


Well  No. 

Avf .  Tr&nsaissivity 
(spd/ft) 

^Effective  Saturated 
Thickness  (feet) 

**8ydraulic 

Conductivity 

(*Pd/ft)_ 

WES  Mo.  A 

25.000 

12.05 

2,075 

VISPI  S29 

74,000 

7.57 

9,841 

VISPI  345 

25,000 

11.35 

2,203 

VISPI  368 

41,500 

3.5 

11,857 

VISPI  549 

9,550 

7.0 

1,364 

VISPI  548 

17,000 

7.0 

2,429 

ESA  1032 

21,000 

15.6 

1,346 

ESA  1036 

19,000 

8.33 

2,281 

*  Effective 

saturated  thickness  does 

not  include  clays  and 

silts.  This 

saturated  thickness  is  used  to  calculate  hydraulic  conductivity  of  sand 

and  travel  aquifer  *.* ^ YAf Y  m  hydraulic  conductivity. 

saturated  thickness 


**  These  hydraulic  conductivities  for  1032  and  1036  are  different  froa 
those  shown  in  Table  VI -LA  because  the  effective  saturated  thickness 
was  used  instead  of  the  total  saturated  thickness  used  in  Table  VI-1A. 


NOTE:  Specific  yield  values  are  not  shown  because  they  were  not  used  in 


the  a»del.  A  unifora  value  of  0.1  was  used  for  all  nodes. 
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(3)  Using  Che  above  date,  Che  analysis  was  Chen  carried  out 
until  a  stesoy  state  condition  was  reached. 


(4)  A  comparison  of  Che  observed  and  calculated  water  levels 
was  then  wade  and  the  hydraulic  conductivities  adjusted  until  a  suitable 
natch  was  obtained  between  the  observed  steady  state  water  levels  established 
in  (1)  and  those  obtained  fran  the  nodel  using  adjusted  hydraulic 
conductivities.  Resulting  nodel  hydraulic  conductivities  are  represented  by 
trananissivity  contours  shown  on  Figure  2-7  (transmissivity  •  hydraulic 
conductivity  tines  the  saturated  thickness). 


2. 2. 4. 7  After  calibration,  98.4  percent  of  the  active  nodes 
were  within  2  feet  of  observed  water  levels,  96.7  percent  ware  within 
1.3  feet  and  93.4  percent  were  within  1  foot.  Considering  the  local  seasonal 
variation  and  the  scarcity  of  data  in  sons  areas,  this  calibration  wac  judged 
to  be  adequate  for  design  purposes.  The  simulated  steady  state  ground  water 
levels  are  shown  on  Figure  2-8. 

2.2.5  System  Simulation.  The  natural  flow  through  the  system  was 
computed  by  the  smdel  to  be  440  gpa.  Once  the  barrier  was  in  place  somewhat 
aore  than  this  flow  would  have  to  be  pimped  and  recharged  because  of  several 
factors: 


(1)  In  the  long  tern,  pimping  will  lower  ground  water  levels  in  the 
proximity  of  the  dewatering  wells  and  will  induce  wore  flow  through  the 
system  because  of  the  steeper  gradients  induced  by  well  drawdowns. 


(2)  At  the  initiation  of  punping,  the  influence  of  each  well  is  ssmll 
and  flow  will  bypass  the  pimping  wells  causing  a  rise  in  ground  water  levels 
near  the  barrier.  If  the  wells  are  extracting  flow  equal  to  the  natural  flow 
rate,  some  water  w\ ’ d  cane  fran  storage  upstreaa  of  the  dewatering  wells. 
On  the  downstrean  ..Ida  of  the  dewatering  wells  (near  the  cutoff  wall), 
flowing  water  would  accumulate.  To  prevent  this  rise  in  ground  water  levels 
during  ea.*Yv  time,  pimping  nust  capture  the  natural  flow  plus  water  taken 
from  stor  •  i . 
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(3)  It  is  desirAl*  to  lower  water  level*  in  the  aquifer  between  the 

puwp  well#  and  the  cutoff  wall  becauae  ia  the  event  of  failure  of  dewatering 

wella,  the  dewatered  eon*  aervea  aa  a  atorage  buffer  againat  flooding.  To 
create  thia  ground  water  atorage  buffer,  pooping  nuat  exceed  nature*  flow 

rate*. 

(4)  while  system  flow*  were  eeaiputed  aa  precisely  aa  poaaible,  both  the 
total  system  flow  rat*  and  local  rate*  can  be  in  error.  Aa  a  precaution 
againat  flooding,  a  aafety  factor  of  ♦_  50  percent  ia  included  in  deaigu 
p unping  rate*. 

2. 2.5.1  Deaign  dewatering  and  recharge  rate*  war*  baaed  on 

natural  flow*  plus  10  percent.  Natural  flow*  war*  calculated  for  100-foot 
segments  (each  cell)  along  the  barrier.  The  water  *i  distributed  to  each 
dewatering  and  recharge  well  based  on  ita  likely  aon*  of  influence.  The 
10  percent  additional  p taping  was  found  to  be  sufficient  to  prevent 
significant  flooding  baaed  on  the  simulation  wodel.  It  should  be  noted  that 
the  design  pueping  rates  are  a  beat  estimate  baaed  on  interpretation  of  pump 
test  data.  Since  these  valuaa  may  have  to  be  adjusted  during  operation,  each 
ptaaping  well  is  designed  to  have  a  pumping  rang*  of  ♦  50  percent  of  it* 

design  value.  Thia  design  flexibility  also  will  allow  for  an  increase  in 
individual  pimping  rata*  to  compensate  for  individual  wall  shutdown*  for 

maintenance  or  failure. 

2.2. 5.2  Figure  2-9  shove  the  simulated  steady  state  ground 
water  surface  resulting  from  the  pumping  and  recharge  system.  Steady  state 
coalitions  would  be  reached  in  approximately  four  and  one-half  year*  assuming 
flow  into  the  modeled  area  remains  reasonably  constant. 

2.3  anmemom  POPWC  COBTOCTIOW.  Investigation*  and  inspection* 
during  construction  included  the  viaual  logging  of  the  well  boring*  (Flat** 
19-42),  geophysical  logging  of  some  wall*  (Appendices  A  and  B) ,  pump  testing 
new  wella  (Table*  2-7,  2-8,  2-9),  inspection  of  excavated  alurry  trench  mate¬ 
rials,  contractor  alurry  testing,  backfill  gradation  testing,  and  sit* 
piescmeter  readings  (Table  2-10). 


2.3.1  1*11  Tasting  and  Bmleggt.  There  wn  two  types  of  deve’op- 

log  procod  urea  and  a  type  of  parcolatloo  taat  for  Cha  recharge  walla  aa 
daacribad  below.  Wall  testing  date  ara  shown  on  Tablaa  2-7,  2-8,  and  2-9. 

2.3. 1.1  The  alluvial  dewater  and  rectar.rge  walls  were  developed 
as  follows;  air-water  jetting  for  at  least  three  prescribed  cycles,  2  hours 
of  pulping,  disinfection  with  sodium  hypochlorite  to  a  concentration  of  1000 
ppm  in  vatar  for  24  hours,  2  hours  clean  pulping ,  followed  by  a  4-hour  pump 
tast  measuring  water  levels,  pimping  rate,  and  sand  content.  Additionally, 
the  recharge  wells  were  then  filled  with  water  to  riser  pipe  height  with  a 
measured  amount  of  water,  and  then  the  time  taken  to  reach  original  static 
level  was  recorded. 

2.3. 1.7  Testing  and  development  of  the  Denver  Formation  sand¬ 
stone  dewater  wells  followed  the  same  procedures  used  on  the  alluvial  dewater 
wells. 


2.3. 1.3  Both  the  shallow  and  deep  monitoring  wells  follewed 
similar  developing  and  tasting  procedure! ,  except  that  they  were  bail  3d  and 
swabbed  instead  of  jetted  due  to  the  plastic  pipe  casing.  After  24  hours  of 
disinfection,  these  wells  ware  puap  tested  2  hours,  and  wstar  levels,  pumping 
rate,  and  sand  content  recorded. 

2.3. 1.4  Bone  of  the  wells  had  to  be  ab end oned ,  and  no  temporary 
casing  was  use-  during  construction.  Denver  formation  sandstone  dewater 
wells  and  monitoring  wells  ware  logged  with  electric  and  natural  gaums  ray 
equipment  ( Appear' ' -as  A  and  B).  The  geophysical  logs  were  used  to  properly 
place  screens  in  a  permeable  sandstone  of  the  Denver  Formation.  Resistivity 
and  natural  guana  logs  tended  to  be  the  most  beneficial,  while  the 
spontaneous  potential  logs  had  questionable  results. 

2.3.2  Trench  Investigations.  As  the  slurry  trench  was  excavated  to 
the  minimus  excavation  line  shown  on  Plates  19  through  30,  undisturbed  samples 
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Vella  DV-36  through  DV-54  are  Denver  Sanda  wella 
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*  Veils  RW-1  through  RW-1 2  placed  In  pilot  abates* 
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TABU  2-9 


Tut  # 

Veter 

Lml 

Before 

Voter 

Level 

After 

Teet  #2 

Veter 

Level 

Before 

Veter 

Level 

After 

Caoedty 

Pnoriil 

Papist 

Cepedtr 

Papist 

Papist 

Veil  # 

(GPM) 

(FT) 

(FT) 

(CM) 

(FT) 

(FT) 

M-l 

.5 

11.9 

23.7 

.5 

11.9 

23.6 

M-2 

4 

12.8 

18.3 

4 

12.8 

18.3 

M-3 

4 

13.7 

17.6 

4 

13.7 

13.7 

M-4 

10 

11.4 

13.5 

10 

11.4 

13.5 

M-5 

8 

10.3 

17.4 

8 

10.3 

17.5 

M-6 

8 

12.0 

22.1 

10 

12.0 

22.0 

M-7 

10 

8.7 

11.3 

10 

8.7 

11.3 

M-8 

10 

10.0 

11.6 

10 

10.0 

11.6 

M-9 

10 

12.7 

17.2 

10 

12.7 

17.2 

M— 10 

.13 

14.6 

25.0 

.13 

14.6 

24.9 

M-11A 

2 

5.5 

81.3 

2 

5.5 

81.3 

M-l  IB 

6 

7.3 

94.7 

6 

7.3 

94.7 

M-l  2 

5 

12.5 

30.1 

5 

12.5 

30.0 

M-l  3 

4 

18.1 

28.3 

4 

18.1 

28.3 

M-l  4 

1 

18.7 

34.2 

1 

18.7 

34.2 

M-15A 

.5 

13.2 

93.4 

.5 

13.2 

93.4 

M-15B 

.5 

17.3 

61.2 

.5 

17.3 

61.2 

M-l  6 

.5 

18.1 

19.0 

.5 

18.1 

19.0 

M-l  7 

10 

10.0 

17.2 

10 

10.0 

17.2 

M-l  8  A 

1.5 

98.4 

129.4 

1.5 

98.4 

129.4 

M-18B 

2 

9.3 

47.3 

2 

9.3 

47.4 

M-l  9 

10 

12.1 

20.0 

10 

12.1 

20.0 

M-20A 

2 

14.5 

56.4 

2 

14.5 

56.3 

M-2  OB 

2.5 

12.1 

91.3 

2 

12.1 

91.3 

M-21 

10 

6.5 

12.0 

10 

6.5 

12.0 

M-2  2 

2 

11.1 

19.0 

2 

11.1 

19.0 

M-2  3 

5 

8.4 

10.0 

5 

8.4 

10.1 
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TABLE  2-9  Contlaaai 


Wall  # 

Tut  # 
Capacity 

(CP*) 

Watar 

Laval 

Bafora 

Ratar 

Laval 

Aftar 

Papist 

(FT) 

Tast  #2 
Capacity 
(CPU) 

Water 

Bafora 

Poping 

(FT) 

Water 

Laval 

Aftar 

Poping 

(FT) 

M-24 

10 

11.3 

13.2 

10 

11.3 

13.2 

M-25 

10 

8.5 

9.1 

10 

8.5 

8.4 

M-26 

10 

7.0 

8.7 

10 

7.0 

8.7 

M-27 

10 

3.4 

4.0 

10 

3.4 

4.0 

M-28 

.5 

16.5 

27.4 

.5 

16.5 

27.4 

M-29 

10 

5.0 

11.8 

10 

5.0 

11.8 

M-30 

10 

7.5 

16.8 

10 

7.5 

16.7 

M-31 

10 

11.0 

15.0 

10 

11.0 

15.0 

M-32 

10 

7.3 

8.4 

10 

7.3 

8.4 

M-33 

10 

5.2 

9.1 

10 

5.2 

9.1 

M-34 

10 

4.0 

6.1 

10 

4.0 

6.2 

M-35 

10 

7.1 

7.9 

10 

7.1 

7.9 

B-36 

10 

8.4 

9.7 

10 

8.4 

9.7 

M-37 

.5 

20.8 

21.0 

.5 

20.8 

21.0 

M-38A 

1 

13.4 

83.0 

1 

13.4 

83.0 

d-38B 

2 

90.0 

208.3 

2 

90.0 

208.4 

M-39 

.5 

23.4 

23.5 

.5 

23.4 

23.5 
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were  taken  of  the  bottom  material  at  24  to  30-foot  intervale.  The  sampler 
waa  attached  to  the  backhoe  bucket  on  a  tooth  ahank  at  the  time  of  sampling, 
and  provided  an  adequate  sample  in  all  but  the  hardest  bedrock,  when  the 
backhoe  am  could  not  provide  enough  force.  The  inspection  of  undisturbed 
samples  mss  augmented  by  the  inspection  of  bucket  samples  every  10  feet.  If 
any  aaaple  indicated  a  fractured  sone,  heavy  weathering,  sandstone,  or 
lignite,  the  excavation  was  taken  deeper  to  a  lesa  pe  me  able  material. 

2.3.3  Slnrry  Tasting.  The  slurry  used  in  the  excaration  and  backfill 
of  the  barrier  was  a  mixture  of  ultrafine  natural  sodius  bentonite  and 
treated  sewage  water.  Slurry  properties  were  tested  following  the  American 
Petroleum  Institute  (API)  Code  K?  13B.  Methylene  blue  absorption,  viscosity, 
density,  and  filtration  tests  ware  initially  run  four  times  a  day  with  the 
viscosity  used  to  control  the  initial  mixture  in  the  storage  pond.  Testing 
revealed  that  under  nomal  conditions,  the  slurry  properties  changed  very 
little,  no  tests  ware  later  performed  only  then  adding  slurry  to  the  trench 
or  then  precipitation  or  other  factors  night  have  caused  a  change  in  the 
trench  or  holding  pond.  When  there  were  delays  in  the  trenching  longer  than 
2  days,  the  viscosity  of  the  slurry  in  the  trench  and  storage  pond  tended  to 
increaae,  requiring  occasional  additional  tasting.  Ground-water  seeping  into 
the  pond  or  precipitation  tended  to  reduce  the  viscosity  of  the  slurry,  also 
requiring  additional  testing,  face  in  the  trench,  slurry  was  tested  for  den¬ 
sity  and  viscosity  at  50-foot  intervals  and  at  10-foot  dapths  except  near  tha 
working  face  of  the  tTench.  These  tests  were  performed  at  the  trench  site. 
The  methylene  blue  absorption  and  filtration  tests  were  run  in  the  onsite  ECI 
lab  facility. 


2.3.3. 1  The  methylene  blue  absorption  test  had  no  maximum  or 
minimus  established,  so  the  tests  were  performed  only  for  general  informa¬ 
tion.  The  results  throughout  tha  project  did  not  vary  significantly  from  the 
initial  tests,  so  no  major  change  was  observed  in  the  condition  of  the 
slurry.  Filtration  testing  results  were  never  greater  than  16ce  of  water 
loss  at  100  pai  in  30  minutes,  well  below  the  allowed  maximua  of  20  cc  under 
the  same  conditions.  The  density  of  the  slurry  in  the  trench  was  required  to 
be  between  70  and  85  Ib/cu.ft.  Viscosity  was  at  least  40  Marsh  seconds. 


2-17 


/ 

.... 


9 


exempt  under  heavy  ground-wa ter  condition*  or  precipitation,  aa  previously 
described. 


2. 3. 3. 2  Adjustments  were  aade  in  the  alurry  mixture  aa  required 
to  Met  the  parameters.  Only  the  denaity  and  viacoaity  varied  froai  the 
li«ita,  under  conditiona  deacribad  previously.  Ihe  alurry  wa  returned  to 
ita  lieita  by  adding  sore  auitable  alurry  to  the  trench  and  by  no real  agita- 
tion  during  the  excavation  procaaa.  Thia  uorked  veil  on  the  denaitiea  and 
viacoaitiaa  both  above  and  below  the  lieita.  Normally,  the  addition  of  new 
alurry  during  excavation  precluded  the  need  for  draatic  adjustments  in  the 
in- trench  alurry  aixture. 


laffcfill  Tenting.  Backfill  conaiated  of  a  eixture  of  alurry  and 
excavated  Mterial  free  the  trench,  blended  to  the  conaiatency  of  eediue 
aluep  concrete.  Sluep  teata  were  performed  on  the  backfill  eixture  once  or 
twice  a  day,  depending  upon  the  amount  of  backfilling  to  be  done.  A  atandard 
aliap  cone  teat,  ueing  ASTH  C  143-74  procedure*,  eta  perforead,  with  an  allow¬ 
able  range  from  2  to  5  inchea.  Simp  nea  generally  in  the  2-l/2"-3-i/2" 
range.  Gradation  teata  were  taken  daily  on  each  portion  of  300  cubic  jerda 
of  fill  placed  in  the  trench.  Procedure*  for  the  gradation  analyee*  were 
according  to  ASQf  C  136—76,  and  wire  to  confbne  to  the  following  requira- 
aenta: 


Screen  Size  or  Number 
O.S.  Standard 


Percent  Pa a sing 
by  Dry  Weight 


1-1/2  inch 
3/4  inch 

to.  4 

to.  30 
to.  200 


90-100 

80-100 

50-100 

25-70 

10-25 


Select  materiel  was  to  be  blended  aa  necessary  with  the  backfill  in  order  to 
Met  the  gradation  requir meant*. 
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2.3.5  Pieaometer  Readings.  When  it  m a  determined  that  tlte  treatment 
plant  would  uot  be  operational  at  the  time  the  barrier  wi  in  place,  a  pro¬ 
gram  wae  developed  for  reading  water  level  riae  on  the  upgradient  aide  of  the 
barrier.  Modeling  atudiea  had  shown  that  in  Che  abaence  of  pumping,  aurface 
flooding  could  occur  in  l<*mr  areaa,  aa  well  aa  mixing  of  the  contaminant 
plume.  Readings  taken  from  4  June  1981  to  31  August  1981,  during  tha 
excavation  of  the  trench  and  the  ahutdown  of  the  treatment  plant,  indicated  a 
very  alow  riae  in  ground-water  level  until  the  barrier  waa  completed.  The 
flan  after  that  time  increaaed  markedly,  with  aurface  flooding  of  ground 
water  evident  in  the  low  area  juat  meat  of  Firat  Creek.  Table  2-10  ahowe  the 
rapid  riae  near  completion  of  tha  barrier.  Water  lavela  continued  to  riae  in 
the  area,  and  the  bog  began  to  dry  up,  until  tha  treatment  eyatam  waa 
operational.  Although  the  action  of  daaming  water  behind  the  barrier  nay 
have  detrimentally  cauaed  aurface  flooding  and  contmainant  plume  mixing,  it 
did  show  that  the  barrier  waa  effective  and  that  the  aquifer  had  a 
significant  storage  capacity  in  case  of  temporary  shutdowns  of  the  dewatering 
system. 
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CHAPTER  3.  -  GSOtOCT 


3-l  ParSIOCUUHT.  Rocky  Mountain  Arsenal  is  located  within  the  Colorado 
Piedmont  section  of  the  Great  Plains  physiographic  province  and  is  character¬ 
ized  by  late  mature  to  old  elevated  plains  and  low  rolling  topography.  The 
site  itself  is  on  the  eastern  edge  of  a  broad  valley  of  the  South  Platte 
River,  east  of  the  foothills  of  the  Pront  Range  of  the  Rocky  Mountains.  Topo¬ 
graphic  relief  across  the  entire  Arsenal  is  approximately  200  feet,  with  the 
land  surface  generally  sloping  northwest  toward  the  South  Platte  River  (see 
Figure  3-1). 

3*2  DH3CEIPTUM  OF  WBWMP.  Overburden  consists  of  silts,  sands,  clsys, 
gravels,  and  some  cobbles,  in  various  combinations,  overlying  bedrock  in  the 
area.  Plates  19  through  30  indicate  the  types  of  siaterials  encountered 
through  the  project  area.  Just  above  the  bedrock,  the  soils  are  Quaternary 
alluvial  deposits  ranging  fr  an  8  to  40  feet  in  thickness,  with  irregu’ar, 
braided  channel  deposits  and  lenses  characteristic  of  alluvium.  Mu<*h  of 
these  deposits  are  not  saturated  and  the  saturated  thickness  varies  fro.  3  to 
a  maximum  of  30  feet  in  the  North  Boundary  area.  Beneath  some  areas  of  i^her 
parts  of  Che  arsenal  the  saturated  thickness  of  these  deposits  is  consider¬ 
ably  greater.  Alluvial  deposits  are  often  referred  to  as  the  alluvial 
aquifer  or  upper  aquifer.  The  alluvial  deposits  represent  ancient  stream 

valleya  of  the  South  Fork  Platte  River  drainage  systos.  These  deposits 

underlie  areas  along  presently  active  drainages  such  as  First  Creek  and  occur 
as  terrace  deposits  in  areas  such  as  between  Bazin  F  and  the  North  Boundary. 
In  other  areas  these  deposits  are  absent.  These  deposits  are  incised  as 

generally  broad  but  irregular  channels  into  the  Denver  Formation.  Sands  with 
gravels  and  some  cobbles  predominate  in  or  near  ths  deeper  channels  with  a 
tendency  for  accumulations  of  predominately  silts  and  clays  near  the  margins. 
Also,  finer  grained  materials  tend  to  be  present  in  the  upper  portion  of 

these  deposits  because  more  recent  deposition  has  resulted  from  smaller 
streams  with  less  load  capacity  than  during  the  initial  stages  of  deposition. 
The  sands  and  gravels  consist  of  crystalline  rocks  indicating  a  source  in  the 
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Front  Range  of  the  Rocky  Mountains  to  the  vest.  Occasional  calcareous 

c eaented  zones  in  this  alluvium  range  from  several  inches  to  8  feet  in  thick** 
ness  and  fo m  SW-WE  trending  lenticular  beds  near  the  base  of  the  alluviun  in 

the  area  of  the  bog  (Plate  13).  Cemented  zones  were  store  extensive  than  the 

boring  plan  indicated,  causing  more  difficult  well  drilling  and  trench 
excavation.  The  trench  profile  on  plate  24  shows  the  location  of  the  highest 
concentrations  of  cementation.  The  cemented  material  we  a  primarily  quartz 
and  feldspar  sand  grains  cemented  with  calcite  into  a  fairly  competent  mass, 
with  about  7  percent  porosity  and  35  percent  by  weight  calcite,  and  a 
strength  of  up  to  1,580  psi  as  determined  fraa  unconfined  compression 

testing.  The  alluvium  ia  overlain  in  places  by  deposits  of  windblown  silts 
and  sands,  especially  in  the  Henderson  Hill  area  at  the  eastern  end  of  the 
barrier.  This  area  is  a  topographic  high  consisting  of  20  to  40  feet  of  wind 
blown  sand,  which  pinches  out  near  First  Creek.  Aeolian  deposits  are  found 
over  much  of  the  remainder  of  the  NBE  area. 

3*3  iBinCMFn.  The  Denver  Formation  is  the  bedrock  unit  beneath 

RMA.  It  consists  of  shales,  claystonea,  sandstones,  and  conglomerate  that 
are  generally  impervious.  In  the  north  boundary  area,  the  Denver  Formation 
consists  of  predominantly  gray  to  gray  brown  shale  or  claystone,  with 
irregular,  discontinuous  sandstone  lenses. 

3.3.1  Studies  by  UES  (1980)  indicate  that  the  Denver  Formation  is  250 
to  400  feet  thick  in  the  vicinity  of  the  KBE,  and  therefore,  this  formation 
is  the  only  bedrock  unit  of  concern  for  this  study.  All  further  references 
to  bedrock  in  this  report  refer  to  the  Denver  Formation. 

3.3.2  The  Denver  Formation  ia  of  probable  Paleocene  age  consisting  of 
sequences  of  deltaic  deposits.  The  depoaitional  environsent  resulted  in  a 
predominance  of  fine  grained  materials  rich  in  organic  matter.  Lignite  seams 
have  been  reported  nearby  and  fragments  of  lignite  were  encountered  in 
boreholes  during  this  study.  Interbedded  with  the  fine  grained  sediments  are 
sand  deposits  and  silty  sands  that  apparently  represent  streae  channel 
deposits  that  were  probably  deposited  in  meandering  channels  and  adjacent 
portions  of  flood  plains. 
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3.3.3  The  sands  of  Che  Denver  Formation  constitute  important  aquifer 
rones  in  Che  Denver  Basin  and  yield  aster  Co  domestic,  municipal  and 
industrial  veils.  Individual  sand  beds  are  lens  shaped  in  cross  section  buC 
may  extend  for  long  distances  along  sinuous  channels.  Interweaving  of  these 
channels  provides  good  regional  lateral  interconnection  by  occasional 
overlapping  of  channel  deposits.  Thickening  with  vertical  overlapping  or 
stacking  provides  good  vertical  interconnection  over  wide  areas  although  this 
vertical  interconnection  nay  be  poor  at  a  given  location.  As  a  rerult, 
individual  sand  beds  by  themselves  are  not  important  aquifers,  but  rather 
groups  of  sand  beds  act  as  aquifer  sones  that  respond  or  act  much  as  a  single 
aquifer.  This  coalition  is  typical  of  the  major  ground  water  basins  of  much 
of  the  Mastem  U.S.  and  the  Atlantic  and  Gulf  coastal  plains  where  they  are 
composed  of  deep  alluvial  fill. 

3.4  ItoluOC  8UDCHM.  FMA  is  located  near  the  northwestern  flank  of  the 
Denver  Basin,  an  oval  structural  basin  measuring  approximately  120  by  70 
miles.  This  basin  is  filled  with  about  15,000  feet  of  sedimentary  rocks. 
The  bedrock  at  RMA  is  a  thick  sequence  of  Paleocene  and  Cretaceous  deltaic 
and  alluvial  de^sits  with  gentle  regional  dips  to  the  southeast,  toward  the 
axis  of  the  Denver  Basin. 

3.4.1  In  the  late  Cretaceous  and  early  Tertiary  times,  major 
deposition  occurred  in  the  Denver  Basin.  In  the  Tertiary  Period,  the 
!•* r  ■■  id  e  Orogeny  began,  resulting  in  uplift  of  the  whole  area  and  the 
development  of  the  Rocky  Mountains  to  the  west  of  the  site.  In  time,  the 
uplift  caused  erosion  which  removed  most  of  the  Tertiary  sediments  and 
exposed  the  late  Cretaceous  sediments.  The  remnants  of  this  erosional  period 
are  pediments  formed  along  the  eastern  plains  near  the  foothills.  With  the 
retreat  of  the  glaciers  in  the  Quaternary  period,  massive  erosion  of  the 
Cretaceous  formations  continued,  shaping  t»-s  present  bedrock  topography  in 
the  RMA  area. 
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Rocky  Mountain  Arsenal  in  relation 
to  the  Denver  Basin  and  outcrop 
pattern  of  Denver  formation  (Robson 
and  Romero  1981) 


Figure  3-2 


3.4.2  So  significant  faulting  ha*  been  noted  at  KM  A,  although  some 
Mimic  activity  in  baaaMnt  rock  wa  aaaociatad  with  the  deep  wall  diapoaal 
prograa  in  the  mid-1960's.  the  Denver  Formation  la  jointed  and  fractured  in 
the  vicinity  of  the  propoaed  barrier,  aa  obaerved  in  aaeple  coraa  and 
deacribed  in  borehole  laga.  The  clay  ahalea  or  clayatonea  are  relatively 
massive  and  do  not  exhibit  ahale  parting*.  They  are  not  fiaaile.  Jointa  and 
fracturea  are  probably  related  to  atreaa  relief  due  to  unloading  by  eroaion 
and  perhapa  wore  important,  due  to  deaaieation  resulting  in  contraction 
crecka.  the  upper  pert  of  the  unit,  especially  in  the  weathered  zono  is 
often  classified  as  intensely  fractured  or  crushed.  This  ia  probably  not  due 
to  tectonic  forces,  but  ia  probably  related  to  drying.  These  materials  were 
probably  too  dense  to  fora  regular  aud  cracks  but  instead  formed  irregular 
hairline  fractures  with  a  close  spacing.  Streaa  relief  perhaps  also  played  a 
role  in  thia  type  of  fracturing,  aince  planar  and  wide  space  jointa  are 
preMnt  with  soae  evidence  of  shearing.  Iron  staining  waa  noted  on  fracture 
surfaces  which  indicates  the  joints  and  fractures  ware  open  enough  to 
transmit  water  when  the  rocks  were  unsaturated  and  an  oxidizing  environment 
existed. 


3.4.3  Onconfined  compression  tests  were  performed  on  core  samples  of 
the  Denver  Formation  sandstone  to  indicate  cones  where  difficult  excavating 
would  be  encountered  tdiich  might  require  blasting.  The  resulting  shear 
strengths  (Su)  are  shown  in  some  of  the  slurry  trench  and  well  profile 
plates,  with  values  as  high  as  410  psi  as  shown  in  boring  1017. 

3.S  TO0C1  BMTHF1UC.  Along  the  barrier  alinament,  bedrock  is  weathered 
to  depths  ranging  from  2  to  25  feet  below  the  erosional  surface  of  the 
formation.  Weathering  is  gradational  with  color  changes  from  shades  of  brown 
in  the  weathered  eone  to  gray  colors  in  the  unweathered  materials.  This 
weathering  indicates  the  erosional  surface  of  the  Denver  Formation  has  been 
exposed  to  air  and  dessication  permitting  oxidation  and  decomposition  of 
mineral  constituents.  This  suggests  that  the  weathered  sone  was  unsaturated 
during  the  geologic  past,  during  the  Tertiary  Period  or  possibly  early 
Pleistocene. 
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3.5.1  The  degree  of  weathering,  freahaeae,  and  fracturing  of  the 
bedrock  during  construction  wa  date  reined  by  ex  mine  t  ion  of  trench  bottom 
samples  and  b'  -ng  staples.  Trenching  operationa  frequently  extended  1  to  3 
feet  deeper  than  the  minimum  excavation  line  due  to  fracturing  and  weathering 
of  the  Denver  Formation  near  the  bedrock  surface,  the  Denver  Formation  sand¬ 
stones  at  the  north  boundary  frequently  contained  yellow-brown  stained 
weathering  zones  near  the  baie  of  blue-gray  unweathered  zones,  especially  i*( 
the  bog  area.  These  zones  were  slightly  softer  than  the  blue-gray  sandstone 
and  appeared  to  be  slightly  more  permeable.  These  areas  contained  numerous 
pockets  of  clay  and  loose  fine  grained  sands.  During  excavation,  the 
alluvium-sandstone  contacts  were  distinct  over  the  site,  but 

alluvium-claystone  contacts  were  frequently  ambiguous  due  to  the  similar 
characteristics  of  weathered  claystoue  and  the  overlying  alluvium. 

3.6  aaftse-ain  ITMEOLOCT.  At  the  KBE  area  of  HKA,  it  is  reasonable  to 

separate  the  regional  flow  system  into  two  subsystams  based  on  geology.  The 
(^xaternary  Alluvium  in  this  area  is  pr  ad  eminently  underlain  by  clay-shales, 

siltstonea  and  sandstones  of  the  Denver  Formation  which  form  a  permeability 

barrier. 


3.6.1  The  shallow  alluvial  aquifer  is  composed  of  the  sand,  gravel, 
clay,  and  silt  as  described  in  Paragraph  3.2.,  and  is  the  most  used  aquifer 
in  the  Denver  area.  The  flow  of  water  through  this  aquifer  generally 
conforms  to  the  bedrock  surface,  which  slopes  from  southeest  to  northwest. 

3.6. 1.1  The  fluviel  deposits  ars  probably  related  to  an 
ancestral  tributary  of  the  South  Flette  liver  end  are  et  leaat  in  pert, 
terrace  deposits  left  at  higher  elevations  after  continued  down  cutting  by 
this  stream.  This  is  apparent  in  that  the  primary  channel  deposits  trend 
from  Basin  F  to  the  North  Boundary  rather  than  along  the  alluvial  valley  of 
First  Creek  further  east.  Contours  on  the  base  of  the  alluvial  deposits 
(bedrock  contours.  Flats  4)  show  that  the  First  Creek  valley  was  a  tributary 
to  the  main  ancastral  channal.  The as  channels  converge  about  2000  feet  south 


3-5 


of  the  proposed  barrier  al  inament  end  the  main  channel  croaaaa  the  boundary 
between  the  preeent  channel  of  First  Creek  and  the  bog.  A  bedrock  high  to 
Che  we  at  of  the  channel  reatricta  the  contaminated  ground  water  frae  flowing 
aorthweet.  Flow  patha  in  the  alluvial  aquifer  converge  at  the  >orth 
Boundary.  The  weatarn  flow  path  paaeea  beneath  the  eaatern  part  of  Beain  F 
and  trend*  northeaaterly  to  the  North  Boundary.  The  eaatern  flow  path  ha  a  a 
northerly  trend  along  Firat  Creek.  After  theae  flow  patha  croaa  the 
boundary,  they  aplit  into  north  and  northwesterly  trend*  to  the  South  Platte 
River. 

3.6. 1.2  Contaminant*  are  concentrated  in  irregular  plume* 
primarily  in  the  weatarn  flow  path.  Moat  of  the  contmainanta  are 
concentrated  in  the  alluvial  aquifer  with  leaaer  contaminant  level*  detected 
in  the  Denver  Sand*.  leakage  from  Baain  F  ia  one  aource  of  contaminants; 
however,  basin*  C,  D,  and  E,  aa  well  aa  pipelines  and  the  aewage  lagoon  are 
additional  suspected  sources. 

3.6. 1.3  Surfacing  of  ground  water  is  common  in  low  apots,  such 
as  at  the  bog  and  along  Firat  Creek.  Zones  of  impermeable  clays  and  silts  in 
the  aquifer  may  slightly  alter  the  flow  or  may  form  isolated  perched  wnter 
tables.  The  flow  pattern  is  also  locally  modified  by  discharge  from  wells 
and  recharge  fra*  injection  wells,  and  seepage  frae  ponds,  lagoons,  and 
canals.  The  seepage  type  of  artificial  recharge  is  the  primary  cause  of  the 
extensive  contamination  at  RMA,  the  main  source*  being  the  disposal  basins 
for  process  wastes.  Only  minor  fluctuations  in  ground  water  level  have  been 
recorded  over  several  years,  indicating  the  relative  stability  of  the  ground 
water  system.  The  ground  water  in  the  alluvial  aquifer  is  mineralised  and  of 
poor  quality,  with  an  average  total  dissolved  solids  concentration  of  1300 
mg/liter.  This  water  is  marginally-suitable-to-unsuitable  for  domestic 
supplies,  but  is  used  where  better  quality  water  is  not  available. 

3.6.2  The  bedrock  aquifers  for  the  Denver  Basin  include,  from  oldest 
to  youngest,  the  Fountain  and  Lyons  Formations,  the  upper  and  lower  parts  of 


he  Dakota  group,  the  Laramie-Fox  Hills  aquifer,  the  upper  pert  of  the  Laramie 
Formation,  and  the  Arapahoe,  Denver,  and  Davaoa  FOraationa,  which  are  the 
■oat  commonly  uaed  in  the  HA  north  bo«dary  area.  While  the  alluvial 
aquifer  is  recharged  predominantly  by  the  11  to  1?  inches  of  precipitation 
each  year,  the  Denver  Formation  sandstones  are  recharged  fran  the  alluvial 
aquifer,  with  the  gradients  typically  steepening  at  the  points  of  decreased 
permeability  in  the  sandstone.  The  sandstones  of  the  Denver  Formation  in 
many  cases  are  interconnected  and  have  a  much  slower  flow  rate.  Sandstones 
in  the  Denver  Formation  are  commonly  saturated  and  have  an  artesian  head 
within  a  few  feet  of  the  pietometric  surface  in  the  alluvial  aquifer.  The 
quality  of  water  from  the  bedrock  aquifer  is  variable  and  locally  may  contain 
high  concentrations  of  dissolved  solids,  iron,  and  hydrogen  sulfide  gas. 

3.6.2. 1  Well  drillers  familiar  with  the  Denver  Basin  geuerally 
indicate  that  the  shallower  Denver  Sands  yield  less  water  to  wells  than 
deeper  Denver  and  Arapahoe  sands,  suggesting  that  sands  are  less  permeable  or 
less  prevalent  in  the  toper  (250  feet)  part  of  the  section.  This 
generalisation  could  be  true  because  of  weathering  as  well  as  the  presence  of 
more  coarse  facies  deeper  in  the  section.  The  old  erosional  surface  of  the 
Denver  Formation  went  through  a  long  period  of  erosion  and  dessication  during 
most  of  the  Tertiary  Period  which  could  have  resulted  in  reduction  of 
permeabilities  through  chemical  deterioration  of  sand  grains. 

3. 6. 2. 2  Field  permeability  tests  indicate  hydraulic 
conductivities  of  up  to  19  feet  per  year  (1.9  x  10“5  cm/sec)  in  the  fractured 
claystone  or  clay  shale.  This  was  the  only  test  conducted  specifically  in 
this  type  of  rock.  However,  two  pump  tests  were  performed,  pumping  from 
Denver  Sand  units  and  in  both  cases  these  sands  were  highly  confined  by  the 
overlying  claystone  beds.  A  slight  amount  of  leakance  was  detected  in  data 
for  the  test  on  Well  1041  which  indicated  a  hydraulic  conductivity  of  about 
0.1  foot  per  year  (1  x  10"7  cm/sec)  for  the  confining  layer.  WES  (1980) 
reports  23  slug  tests  in  Denver  Sand  beds  and  in  all  but  two  tests,  confined 
aquifer  characteristics  were  reported. 
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3. 6. 2. 3  Hydraulic  conductivities  of  Denver  Formation  sandstones 
determined  by  WES  slug  teata  ranged  from  about  14,000  feet  per  year  (1.4  x 
10~2  cm/aec)  to  C.8  feet  per  year  (8  x  10”?  cm/aec)  which  auggeata  extreme 
variatioua  due  to  cementing,  density,  and  gradation.  However,  the  two  pump 
teata  (1041  and  1045)  yielded  relatively  eonaiatent  reaulta  from  two  widely 
aeparated  aands  with  hydraulic  conduct ivitiea  ranging  fr^m  405  feet  per  year 
(4.05  x  10“^  cm/aec)  to  576  feet  per  year  (5.76  x  10“^  cm/aec).  The  pump 
teata  uaed  observation  wella  for  time  drawdown  meaaurementa.  The  uae  of 
obaervation  wella  avoids  effects  due  to  well  construction  and  is  more 
reliable  than  in-well  slug  tests  for  determining  hydraulic  conductivity. 
^ev*rtheleaa,  there  is  probably  a  considerable  range  in  permeability  in  the 
Denver  Formation  sandstones  especially  in  the  thinner,  siltier  beds  and 
cemented  tones.  The  larger  units  are  probably  more  permeable  as  well  as  more 
extensive  laterally. 

3. 6. 2. 4  The  variability  of  permeability  within  the  Denver 

Formation  presents  some  risks  regarding  interception  of  contaminants. 
However,  the  risks  involved  are  considered  to  be  low  because:  (1)  total  flow 
through  this  formation  is  relatively  minor  and  slow;  (2)  contaminant  levels 
are  low;  (3)  much  of  the  flow  through  the  more  permeable  sand  lenses  can  be 
intercepted  by  wells;  and  (4)  fractures  appear  to  be  relatively  tight.  Con¬ 
taminant  plumes  in  the  Denver  Formation  sandstones  cun  be  intercepted  with 
wells  by  creating  a  pumping  trough  and  inducing  flow  to  the  wells.  If  frac¬ 
tures  are  open  and  extensive  enough  to  transmit  significant  quantities  of 
water,  it  is  reasonable  then  to  assume  that  the  fractures  would  drain  into 

the  sand  lenses  that  are  stressed  by  pumping.  The  primary  risk  for  this  type 

of  system  with  highly  variable  permeabilities  is  in  determining  a  suitable 
well  spacing.  However,  the  well  system  provides  flexibility  in  that  wells 
can  be  added  as  needed  and/or  pumping  rates  can  be  varied  based  on  opera¬ 
tional  experience.  If  large  open  fractures  were  present  at  the  base  of  the 
cutoff  wall  during  construction,  the  bentonite  slurry  would  tend  to  penetrate 
and  seal  them  at  least  partially,  if  they  were  large  enough  to  transmit 
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relatively  large  flown.  Also,  if  open  fractures  are  in  direct  hydraulic 
connection  with  the  alluvial  aquifer,  alluvial  dewatering  wells  will  inter¬ 
cept  at  least  part  of  these  flows  because  about  the  same  hydraulic  stress 
inducing  flow  to  the  wells  would  be  imposed  on  the  fracture  flow  as  on  the 
alluvial  aquifer.  On  the  recharge  aide  of  the  barrier,  treated  water  mixes 
and  dilutes  contaminants  bypassing  the  barrier  through  shallow  fractures. 
Therefore,  the  risks  involved  due  to  the  relative  geologic  complexities  of 
the  Denver  Formation  are  minimal.  The  monitoring  program  should  at  least 
detect  any  serious  problems  that  may  develop.  Also,  ground  water  velocities 
are  so  slow  in  the  Denver  Formation  that  abundant  time  will  be  available  to 
activate  remedial  actions  if  serious  defects  are  detected. 

3. 6. 2. 5  Flow  in  the  Denver  Formation  is  in  essentially  the  same 
direction  as  in  the  alluvial  aquifer.  Potentiometric  levels  are  slightly 
lower  overall,  resulting  in  a  downward  component  of  flow.  Gradients  in  the 
two  units  are  generally  parallel  but  may  be  slightly  steeper  at  the  NBE  in 
the  Denver  Formation  than  in  the  alluvial  aquifer,  due  to  a  regional  flow  net 
effect. 


3. 6. 2. 6  Contaminant  levels  within  the  Denver  Formation  are  very 
low  except  for  sands  in  direct  contact  with  the  alluvial  aquifer.  However, 
contaminants  have  been  detected  in  various  deeper  Denver  Sands.  The  low 
levels  of  contaminants  that  are  present  are  the  result  of  the  slight  downward 
flow  component. 

3.6.3  Regional  studies  of  the  ground  waterflow  system  by  Geraghty  and 
Miller  (Evaluations  of  the  Hydrogeologic  and  Contamination  Migration  Patterns, 
Rocky  Mountain  Arsenal,  Denver,  Colorado,  January  1981)  indicate  a  general 
north  to  northwesterly  flow  angling  toward  the  South  Fork  Platte  River.  The 
Denver  Formation  and  the  alluvial  deposits  interact  in  transmitting  flows  and 
are  both  part  of  the  same  flow  system.  Flow  in  the  Denver  Formation  is  both 
confined  and  unconfined  and  in  the  alluvium  it  is  generally  unconfined  but 
may  be  locally  semiconfined.  Potentiometric  levels  in  both  units  generally 
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correspond  rather  closely,  with  a  tendency  for  levels  in  the  Denver  Fomation 
to  be  slightly  lower.  Locally  po tent iome trie  levels  between  way  vary  greatly 
due  to  locally  in  posed  stresses  such  as  heavy  pus  ping  fro*  one  of  the  units 
or  by  local  recharge.  Even  though  flow  through  both  geologic  units  is  part 
of  one  systam,  there  are  significant  differences  that  were  used  to  advantage 
in  developing  pollution  containment  systaas.  In  general,  the  alluvial 
aquifer  is  much  aore  peraesble  than  sands  or  other  materials  in  the  Denver 
Formation  (by  more  than  two  orders  of  magnitude  at  the  Horth  Boundary) . 
Where  present,  the  alluvium  transmits  a  much  greater  percentage  of  the  flow 
and  thus  a  greater  portion  of  the  contaminants  as  well.  This  is  fortunate  in 
that  more  options  were  available  for  intercepting  this  flow  at  generally  less 
cost. 


£ 
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CHAPTER  4.  -  EECATATIOH  PgOCTnrrcxff 


^•1  i^&ar.aAL  EXCAVATIOKS »  Standard  excavation  aethods  were  used  on  structure 
excavations  and  trenches  for  utility  lines,  using  back hoes  and  tracked 
dozers.  Scrapers  and  graders  were  used  to  build  roads  and  working  surfaces, 
as  well  as  for  excavating  the  cut  at  the  eastern  end  of  the  trench  working 
surface.  Equipment  used  on  the  project  is  listed  in  Table  4-1  and  is  shown 
in  Photos  44  through  52. 


TAILS  4-1 


aOEEL  NO. 


EQUIPMENT 


TYPE 


CAT.  166 
CAT.  146 
CAT.  623B 
CAT.  G815 
CAT.  DSC 
CAT.  D6 
MF  55C 
Parsons  155L 
J.  Deere  690B 
1H  250-A 
IH  TD-8-E 
Poclain  220 
Ford  6500 
Kelley  K12 
Port-A-Drill  522 


Grader 

Grader 

-rraper 

haep^foot  Compactor 
i/ozer 
Dozer 

Front  End  Loader 

Trencher 

Backhoe 

Dozer 

Dozer 

Backhoe 

Backhoe 

Reverse  Rotary  Drill 
Air-Foam  Rotary  Drill 


*•2  SCHEDULING.  The  scheduling  of  work  was  critical  to  the  maintenance  of 
an  uninterrupted  flow  of  ground  water  in  the  north  boundary*  Originally  it 
was  intended  that  all  dewater  and  recharge  wells  and  the  collection/distribu¬ 
tion  system  piping  be  operational  prior  to  slarry  trench  excavation.  This 
was  to  prevent  buildup  of  ground  water  up  gradient  of  the  barrier.  The 
actual  method  used  involved  splitting  the  barrier  into  three  phases:  Phase  I 
from  station  -8460  to  station  5440,  Phase  II  from  station  20440  to  station 
37440,  and  Phase  III  from  station  58480  to  station  37440.  Each  phase  would 
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have  those  dewater  and  recharge  wells  adjacent  to  it  operational  prior  to 
•lurry  trench  excavation,  allowing  concurrent  trenching  and  imII  drilling  in 
different  phaeee.  Hiase  1  progressed  fraai  west  to  east  to  tie  into  the  pilot 
system  barrier.  Phase  II  went  from  west  to  east,  tying  into  the  pilot  system 
barrier  and  progressing  to  station  37+40.  Phase  III  went  from  east  to  west, 
tying  in  at  station  37+40  to  complete  the  barrier. 

4*3  PCiTinol  OUDES.  Excavation  was  to  the  lines  and  grades  as  shown  on 
plates  19  through  30.  Some  of  the  changes  from  the  original  design  are 
discussed  in  the  following  sections. 

4.3.1  The  minimum  excavation  line  for  keying  in  the  trench  bottom  is 
shown  on  Plates  19  through  30,  with  the  material  fraa  that  depth  downward 
being  inspected  for  suitable  termination  material  by  the  field  geologist. 
The  termination  depth  was  generally  from  1  to  2  feat  below  the  minim  in  excava¬ 
tion  line,  with  some  locations  up  to  9  feet  below  the  minimum. 

4.3.2  Of  the  124  wells  drilled  on  sits,  42  wells  had  field  adjustments 
from  the  design  depth.  Most  of  the  adjustments  wars  to  raise  or  lower  well 
screens  for  the  best  placement  in  sand  or  gravel  aones. 

4.3.3  To  prevent  the  destruction  of  several  Russian  Olive  trees  along 
the  proposed  north  perimeter  road,  the  road  was  moved  50  feet  to  the  south 
from  station  82+00  to  station  59+00.  This  did  not  affect  any  structural  or 
mechanical  portions  of  the  project. 

4.4  ttgHdmiaC  P1PTI8I0W8.  Project  scheduling  required  that  alluvial 
dewater  and  recharge  wells  be  operational  prior  to  the  initiation  of  trench¬ 
ing  in  each  of  the  three  phases,  primarily  to  lower  the  ground  water  to  aid 
in  trenching.  HMA,  under  its  own  contracting  authority  for  the  treatment 
system,  was  to  have  the  system  ready  for  tie-in  when  the  collection  system 
was  complete.  Due  to  scheduling  problems,  the  anticipated  date  for  tie-in 
slipped  to  15  August  1980,  well  after  tbs  barrier  was  scheduled  for  comple¬ 
tion.  Since  untreated  water  could  not  properly  be  recharged  into  the  aquifer 
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on  the  down  gradient  side  of  the  barrier,  a  system  of  temporary  piping  and 
pumps  was  held  in  standby  in  case  of  serious  surface  flooding  of  ground  water 

in  areas  where  the  barrier  was  complete.  The  untreated  water  from  the 

alluvial  dewater  wells  was  to  be  pumped  upgradient  and  dumped  on  the  ground 
to  recharge  into  the  aquifer.  The  large  storage  capability  in  the  aquifer 
and  the  excavation  of  the  Phase  III  portion  of  the  trench  lest,  where  the 
heaviest  ground-water  flow  occurred,  delayed  the  use  of  the  temporary 
pumping  system  until  it  was  no  longer  necessary.  Some  surface  flooding  and  a 
rapid  rise  in  ground  water  did  occur  in  the  lower  areas  during  the  last 
2  weeks  of  slurry  trench  excavation,  but  it  did  not  seriously  affect  construc¬ 
tion.  Subsequent  pumping  and  treatment  lowered  the  water  level  in  the 
previously  flooded  areas. 

A. 5  mu.  MtmilC.  Several  types  of  wells  were  drilled  for  the  project, 

each  type  requiring  a  different  design  or  drilling  method.  Typical  well 
details  are  shown  on  Plates  77  and  78,  and  as-built  data  on  wells  are  shown 
in  Appendix  C.  The  types  of  wells  are  alluvial  dewater,  alluvial  recharge, 

Denver  sandstone  dewater,  shallow  monitor,  and  deep  monitor.  Material 
encountered  during  drilling  of  the  wells  was  similar  to  the  preconstruction 
borings,  except  that  the  claystone  was  generally  deeper  than  anticipated,  and 
the  thicknesses  and  extent  of  the  cemented  rones  were  much  larger  than  the 
borings  indicated.  The  small-diameter  borehole  drilling  equipment  used  in 
the  preconstruction  borings  may  have  penetrated  cemented  rones  and 
concentrations  of  cobbles  more  easily  than  the  large  bits  used  in  well 
construction.  Drilling  of  the  dewater  and  recharge  wells  was  more  difficult 
than  anticipated  due  to  the  cemented  rones  and  large  cobbles. 

4.5.1  Reverse  rotary  drilling  was  used  on  the  alluvial  dewater  and 
recharge  wells,  primarily  to  prevent  clogging  of  the  alluvial  aquifer  with 

drilling  fluids  under  high  pressure.  The  setup  for  this  method  is  shown  on 
Photo  No.  13.  The  reverse  rotary  worked  quite  well  except  in  heavily 
cemented  alluvium,  where  drilling  rates  were  reduced  significantly,  and  in 
rones  of  large  cobbles,  where  the  valves  and  piping  tended  to  trap  larger 
objects,  as  in  Photo  29.  A  rock  bailer  was  used  to  pull  loose  cobbles  and 
boulders  from  the  well  borings  to  reduce  down  time  for  rock  removal. 
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4.5.2  Denver  sand  dewaterirg  we 11a  were  drilled  firat  with  the  rotary 
method  ualng  bentonite  drilling  fluid  into  the  Denver  Formation.  Below  that 
depth,  the  wella  were  drilled  ualng  air  rotary  with  the  addition  of  foam  as 
neceaaary.  Thia  procedure  was  effective  in  drilling  the  wella  and  waa  uaed 
to  minimize  contamination  and  clogging  of  the  aandatone  aquifer.  Thia  method 
doea  not  provide  samples  aultable  for  proper  logging  of  the  hole*  ao 
geophyalcal  loga  were  uaed  to  aore  accurately  determine  proper  screen 
placement. 


4.5.3  Shallcw  aonitor  wella  wera  drilled  ualng  the  a  awe  reverae  rotary 
method  uaed  for  alluvial  dewater  and  recharge  wella,  except  that  teat  holea 
were  drilled  at  each  location  firat,  ualng  aud  rotary  aethoda.  If  aultable 
aquifer  zonea  were  located,  the  aaaller  8-inch  dlaaeter  teat  holea  were  uaed 
aa  pilots  for  the  larger  16  to  18-inch  well  holea. 

4.5.4  Deep  aonitor  walla  were  drilled  ualng  a  coablnatlon  of  aud 
rotary,  and  air  or  foaa  rotary  aethoda,  alailar  to  those  used  on  Denver  aand 
dewater  wella.  Teat  holea  were  drilled  ualng  aud  or  air  rotary  to  locate 
deep  sandstones.  These  teat  holes  were  then  uaed  aa  pilot  holea  for  the 
larger  well  holes  if  suitable  zonea  were  found. 


^•6  BAKtim  qggnpenog.  The  working  surface  for  the  barrier  waa  aade  by 
standard  cut  and  fill  aethoda,  using  scrapers,  graders,  and  dozersc 
Vegetation  including  tree  straps,  grass,  and  brush  waa  stripped  to  prevent 
possible  inclusion  in  the  trench.  The  surface  van  prepared  by  leveling  it  as 
such  as  possible  to  prevent  the  slurry  froa  running  out  the  low  ends  of  the 
trench.  Froa  station  42400  to  First  Creek,  tho  existing  soil  was  saturated, 
requiring  several  layers  of  coapacted  fill  to  create  a  stable  platform.  The 
working  surface  waa  designed  to  contain  excavated  aaterlal  and  slurry, 
provide  a  mixing  area  for  backfill,  and  conserve  slurry  by  allowing  a  flow 
back  into  the  trench.  Fhoto  No.  39  shows  the  basic  setup  with  mixing  areas 
on  the  north  and  slurry  supply  piping  on  the  south  of  the  trench  centerline. 


4.6.1  After  preparation  of  the  working  surface,  the  slurry  waa  mixed 
in  the  slurry  pond  area  shown  in  Photos  Nos.  32,  33,  and  34.  Tbe  dry  sodium 
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bentonite  was  supplied  from  high  pressure  bulk  tank  trucks  in  25  to  29-ton 
loads,  and  mixed  with  treated  water  by  a  venturi  system  and  a  diesel  powered 
pianp.  After  testing  as  described  in  Chapter  2,  the  slurry  was  held  in 
storage  ponds.  When  trench  excavation  required  the  addition  of  slurry,  it 
was  pumped  from  the  storage  ponds  to  the  trench  by  the  use  of  a  centrifugal 
pump  and  a  6-inch  temporary  piping  system,  which  paralleled  the  trench 
working  surface.  The  supply  pipe  coulu  be  extended  or  shortened  quite 
rapidly  if  required  as  backfilling  progressed.  As  the  slurry  trench  became 
deeper  and  slurry  was  removed  with  the  overburden,  the  slurry  level  dropped. 
Additional  slurry  was  added  to  maintain  the  level  within  1  to  2  feet  of  the 
working  surface.  Slurry  not  meeting  specifications  during  excavation  was 
pumped  out,  along  with  any  bottom  sediments,  or  blended  with  fresh  slurry  in 
the  trench  until  it  was  suitable. 


A. 6.2  Trench  lbmmtjoB.  The  slurry  trench  was  excavated  wltn  an  FMC 
Link  Belt  7400  backhoe  with  an  extension  on  the  boom  to  allow  it  to  extend  to 
a  depth  of  45  feet,  as  shown  in  Photo  No.  44.  During  the  last  month  of 
r  trench  excavation,  depths  required  to  reach  sound  material  were  below 

45  feet,  so  a  1066  Koehring  backhoe  with  a  one-piece  extension  arm  was  used. 
This  new  backhoe  with  extension  bad  a  reach  of  50  to  55  feet  In  depth,  and 
had  less  down  time  attributable  to  extension  arm  problems.  The  bucket  used 
in  Phase  I  was  non-perf orated,  except  for  two  holes  that  allowed  the  release 
of  a  vacuum  formed  by  the  wet  overburden.  In  Phases  II  and  III,  the  hard 
materials  in  the  cemented  alluvium  and  Denver  formation  sandstones  were  more 

1 

difficult  to  excavate,  requiring  the  use  of  the  permafrost  bucket  shown  in 
i  Photo  No.  47.  A  smaller  version  of  the  non-perforated  bucket  urns  used  on  the 

!  Koehring  backhoe  from  stations  38+05  to  40+00.  Initial  excavation  was 

j  started  outside  the  plan  starting  point  and  sloped  down  to  full  depth  at  the 

starting  point.  This  allowed  a  sloped  surface  for  backfill  to  slide  on,  and 

i 

eliminated  the  need  for  a  clamshell  for  initial  backfill  placement.  Slurry 
was  placed  in  the  trench  at  that  point  and  maintained  within  2  feet  of  the 
working  surface  by  adding  slurry  as  the  excavation  progressed.  Samples  and 
j  inspection  as  described  in  Chapter  2  were  used  to  determine  the  depth  of 

|  termination. 


< 


4-5 


4.6.3  Trench  Backfill.  Excavated  material  and  slurry  f r cxs  the  trench 
was  placed  on  the  north  side  of  the  working  surface  at  an  adequate  distance 
from  the  trench  to  prevent  Instability.  Material  unsuitable  for  backfill  was 
placed  separately  by  the  backboe.  Very  little  select  outside  material  was 
brought  in,  and  no  on-site  borrow  was  used  to  Beet  gradation  requirements.  A 
1-  to  2-foot  dike  was  forned  along  the  trench  to  prevent  unblended  aaterlal 
fro*  flowing  in.  The  excavated  aeterial  was  nixed  with  slurry  by  tracking 
and  blading  with  dozers,  and  was  then  tested  as  described  in  Chapter  2.  More 
slurry  or  select  aaterlal  was  blended  with  inadequate  backfill  mixture  to 
meet  requirements.  Mixed  and  blended  backfill  was  then  pushed  froa  the 
working  surface  to  the  trench,  allowing  it  to  slide  dawn  the  inclined  surface 
of  previously  placed  backfill.  If  necesrary,  the  backfill  was  rodded  along 
the  sliding  surface  to  remove  pockets  of  slurry.  Mo  pushing  of  backfill 
directly  over  the  trench  edge  was  allowed.  Backfilling  always  followed  the 
trench  excavation  by  30  to  100  feet.  At  the  end  of  each  shift,  the  backfill 
profile  was  sounded,  and  then  once  again  in  the  morning  prior  to  backfilling, 
to  detertalne  overnight  tlidlng  and  settleaents.  After  the  trench  backfill 
reached  the  working  surface,  at  least  1  to  2  days  was  allowed  for  settlement 
to  occur.  The  backfill  was  then  capped  by  1  to  2  feet  of  imperanable  fill  to 
complete  the  barrier.  No  settleaents  occurred  in  the  completed  barrier 
during  construction. 

4.7  BLASTING.  Deep  portions  of  the  Denver  Formation  sandstones  froa  station 
38+05  to  station  40+00  were  very  difficult  to  excavate  due  to  the  hardness  of 
th«  material,  the  depth  of  the  material,  and  the  limitations  of  the  excavat¬ 
ing  equipment.  ECI  hired  Western  Blasting  Contractors,  Inc.,  to  fracture  the 
hard  zones  prior  to  and  during  trenching  operations  in  the  area  so  that  exca¬ 
vation  would  be  easier.  RMA  requested  a  non-electric  system  for  blasting,  so 
HD  prlaadet  caps  and  prlaaeord  were  used  to  detonate  patterns  of  2-1/2”  x  16” 
Hercules  unigel.  Several  separate  blasts  ware  conducted  along  the  trench. 
The  first  five  blasts  used  patterns  of  holes  lined  with  3-inch  thlnwall  VC 
and  stemmed  with  ±25  feet  of  3/4-lnch  rock.  Blasts  patterns  four  and  five 
overlapped  previous  blasts  in  order  to  fracture  the  sandstones  to  deeper 
depths.  Blasts  six  through  eight  were  placed  through  the  slurry  in  a  string 
directly  on  the  rock  surface.  No  adverse  effects  on  the  trench  walla  or 
bottom  areas  were  observed  after  blasting. 
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TABLE  4-2 
BLASTING  RECORD 


Date 

#  Holes 

Spaclng>  ft 

Load 

Depthf  Ft 

Powder  Per 
Holet  Lbs 

Stationing 

of 

Blast 

13  July 

13 

5 

25-33 

20 

38+25- 

38+90 

15  July 

20 

5 

25-35 

23.3 

38+90- 

3°  >-90 

17  July 

13 

5 

25-->4 

21 

39+90- 

40+55 

27  July 

25 

4.3 

29-37 

33 

38+22- 

39+80 

28  July 

30 

4.3 

28-38.5 

40 

39+80- 

40+60 

11  *»ug 

(trench) 

— 

29-32 

72 

38+10- 

38+25 

11  Aug 

(trench) 

— 

29-32 

43 

38+10- 

38+25 

11  Aug 

(trench) 

— 

29-32 

86 

38+10- 

38+25 

4.8  SAFETY  PRECAUTIONS.  Standard  safety  procedures  were  used,  as  prescribed 
in  tne  Corps  of  Engineers  Safety  and  Health  Requirements  Manual,  EM  385-1-1, 
dated  1  June  1977.  Due  to  the  nature  of  contaminants  at  the  project,  bottled 
drinking  water  was  used  onsite,  and  rubber  boots  and  gloves  were  made  avail¬ 
able  to  those  working  in  wet  areas.  No  other  protection  was  considered  neces¬ 
sary.  When  blasting  waB  performed,  RMA  Security  was  notified  of  each  immi¬ 
nent  blast.  No  explosive  materials  were  stored  onsite. 
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5.1  anil,  commow .  General  dieeaeeione  of  Che  conditions  encountered 
during  conetruccion  excavation  ere  described  in  Chapter  3.  Moat  of  the  solid 
and  bedrock  conditions  encountered  were  as  expected  frae  the  preconstruction 
borings  shown  on  pistes  19  through  40.  The  locations  of  caaented  alluvitaa 
(Plates  19  through  30),  cobble  concentrations,  hard  Denver  sandstone,  and 
claystohe  weathering  that  caused  difficult  trenching  and  well  drilling 
conditions  will  be  discussed  here. 

5.2  OMUHED  ZOtS.  Cemented  cones  were  encountered  in  both  well  drilling 
and  trench  excavation  operations.  The  cemented  cones  contained  fine  sand  to 
cobble  sized  particles  caeented  with  calcitas  carbonate.  The  hardness  of  the 
cemented  cones  varied,  with  the  hardest  aaterial  generally  being  deeper  and 
in  a  saturated  environment.  The  thickness  varied  fr c*«.  1  to  13  fast  in  discon¬ 
tinuous  zones,  as  shown  on  Plate  24,  with  depth  varying  from  10  feet  to 
24  feet. 

5.2.1  Cemented  alluvium  was  encountered  during  the  drilling  of  the 
dewater  walls  in  walls  DW-7  through  W-16.  This  cone  varied  in  thickness 
from  4  to  11  feet. 

5.2.2  During  drilling  of  the  recharge  wells,  the  canented  alluvitaa  was 
encountered  in  wells  HW-7  through  KM- 13.  This  zone  varied  in  thickness  from 
1  to  6  feet. 

5.2.3  During  the  slurry  trench  excavation,  cemented  aaterial  was 
encountered  discontinuously  between  Station  20+50  and  Station  31+00.  The 
thickness  varied  fran  1  to  13  feet  at  depths  between  12  and  20  feet.  The 
thickest  aone,  13  feet  thick,  was  located  between  Station  29+60  and  Station 
29+80,  at  depths  of  10  to  23  feet.  The  caaented  cone  bee axe  discontinuous 
between  Station  25+90  and  Station  26+60,  with  a  thickness  of  1  to  2  feet 
where  encountered. 
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5.3  COBBLES  AID  KWLDCTS.  Cobbles  and  nail  boulders  were  encountered  in 
the  elluviue  throughout  the  project  site.  These  did  not  cause  any  difficulty 
in  excavating  the  slurry  trench.  They  did,  however,  cause  some  delay  in 
drilling  operations,  especially  with  the  reverse  rotary  methods .  The  larger 
cobbles  and  boulders  termed  to  lodge  in  the  bit  intake  as  shown  in  photo  29 
in  the  return  valve,  or  in  the  Kelley.  A  concentration  of  cobbles  and 
boulders  was  found  in  the  alluvium  in  the  bedrock  low  area  between  Station 
40+00  and  Station  51+00,  from  depths  of  10  feet  to  30  feet. 

5.4  PggVgB  M1UT10B  S/JtPyTCBKg .  The  blue-gray  sandstones  of  the  Denver  For¬ 
mation  were  occasionally  encountered  during  well  drilling  and  trench 
excavating.  The  sandstone  ranged  from  mediim  to  very  hard.  A  yellow-brown 
weathered  sandstone  sone  was  frequently  found  at  the  base  of  the  blue-gray 
sandstone.  The  yel low-brown  zone  ranged  in  thickness  from  1  to  3  feet.  The 
total  sandstone  thickness  ranged  from  1  to  12  feet,  at  depths  from  22  to 
40  feet. 


5.4.1  Lignite  coal  in  very  thin  seams  mbs  encountered  in  the  sand¬ 
stones  between  Station  37+70  and  Station  40+50.  The  trench  was  keyed  through 
these  seams  to  prevent  the  lateral  flow  of  ground  water  mder  the  barrier. 

5.4.2  The  thickest  zone  of  Denver  Formation  sandstone  was  encountered 
in  the  trench  between  Station  37+90  and  Station  41+10.  This  was  also  the 
hardest  material  encountered,  where  blasting  mss  required  to  fracture  the 
rock  for  easier  rmaoval  with  the  backhoe. 

5.5  BliinttBD  CLATSTtBPt.  The  upper  surface  of  the  claystone  beneath  the 
alluvium  was  weathered  to  depths  of  5  feet.  The  contact  with  unweathered  to 
slightly  weathered  claystone  was  gradational  in  some  areas  and  distinct  in 
others.  The  color  of  unweathered  claystone  was  typically  blue-gray  while  the 
weathered  material  varied  from  brown  to  gray.  The  only  area  containing 
significant  caounts  of  fractured  and  weathered  claystone  was  in  the  Phase  1 
portion  of  the  trench,  where  it  extended  2  to  3  feet  into  the  claystone,  to 
depths  of  30  feet. 
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FMJtCT  MOPITICAnore  UP  CHA1CBI 


6.1  Several  modification*  and  change*  were  Bade  from  the  original  plan*  and 
specification*  to  iaprove  the  performance  of  the  system,  facilitate  construe- 
tion  operation* ,  or  correct  oversight*.  Those  dealing  primarily  with 
foundation  condition*  or  hydrology  will  be  discussed. 

6.2  MfelFlCATIOW ,  a  total  of  12  aodification*  to  the  contract  (see  Table 
6-1),  were  made  during  construction.  Modifications  5,  7,  and  9  deal  only 
with  payment  procedures,  and  will  not  be  discussed. 

6.2.1  Modification  1  dealt  primarily  with  redesigning  the  slope  of  the 
working  surface.  Original  plans  had  steeper  slopes  than  would  be  possible 
without  allowing  slurry  to  run  out  of  the  trench.  Modification  leveled  the 
working  surface  considerably,  allowing  longer  stretches  of  trench  to  be 
excavated  with  fewer  delays,  especially  in  the  area  fr«xe  Station  54+40  to 
Station  58+80. 

6.2.2  Modification  2  dealt  priaarily  with  pusps  and  control  cables, 

and  will  not  be  discussed.  Modification  3  allowed  the  contractor  to  split 
the  barrier  into  3  phases,  as  described  in  Chapter  4,  to  schedule  work  iaore 
effectively  and  avoid  untiaely  work  stoppages. 

6.2.3  Modification  4  outlined  the  procedure  for  grout  sealing  piezo- 

weters  in  the  slurry  trench  excavation  areas.  The  piezometers  were  grouted 
to  prevent  then  fra*  contributing  to  fluid  caemnicetion  between  aquifers  in 
case  they  were  dasaged  or  destroyed  during  construction.  Abandoned 

piezometers  were  pressure  grouted  with  a  ceaent-bentonite  grout  and  allowed 
to  stand  for  24  hours  before  being  disturbed  by  surface  grading  or  trenching 
equipment. 

6.2.4  Modification  6  dealt  with  the  requirement  for  additional  pip* 

sleeves  in  the  wet  well  and  the  building  addition,  and  supply  lines  between 
then. 
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TAILS  6-1 

1 

COHIIACT  NOD  IXI  CAT!  OHS 

i 

Nod. 

Description 

Cost 

1 

i 

i 

i 

P00001 

Revise  trench  configuration,  and 
provide  erosion  control  blankets 

+  $9,000.00 

j 

[ 

P00002 

Revise  turbine  putsps  and 
well  control  cable 

"  $13,731.40 

P00003 

Revise  contract  specs,  for  veil 
construction  and  barrier,  and 
for  solenoid  valve  material 

Mo  Cost 

: 

P00004 

Grout  abandoned  wells 

+  $6,587.00 

i 

i 

P00005 

Advance  payment 

No  Cost 

i 

P00006 

Revise  piping  in  Building  808 

♦  $4,152.00 

i 

i 

P00007 

Revise  slurry  trench  payment 

No  Cost 

i 

i 

P00008 

Dewater  wet  well 

♦  $8,298.00 

?  ■ 

P00009 

Delete  Mod  P00005 

No  Cost 

i 

POOOOIO 

Pump  schedule  change, 
provide  grounding  conductors 

♦  $2,381.00 

t 

POOOOll 

Abandon  and  drill  new  wells, 
pump  electrical  changes 

*  $128,537.00 

! 

i 

{ 

P000012 

Revise  pumps 

+  $86,463.00 

Total  Mod  Costs 

$213,686.60 

i 

Contract  Cost 

$4,100,000.00 

i 

i 

! 

Total  Cost 

$4,313,686.60 
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6.2.5  Modification  8  added  special  provisions  for  the  temporary 
dewatering  system  described  in  Chapter  4.  This  t  sapor  ary  pimping  systsa  was 
for  standby  operation  if  high  water  levels  required  its  use,  and  ass  kept 
available  during  construction  of  the  treatment  systsa.  It  was  never  used  due 
to  the  slow  water  level  rise. 

6.2.6  Modification  10  adjusted  punp  placement  in  nine  Denver  sandstone 
dewatering  wells.  These  wells  wsre  drilled  deeper  than  plan  depths  to  locate 
a  suitable  sandstone  sons. 

6.2.7  Modification  11  changed  the  wo  tor  voltage  on  soae  puaps,  pro¬ 
vided  for  different  puaps  in  Denver  sandstone  dewster  wells,  and  directed  the 
replaceaent  of  the  six  original  pilot  systaa  dewater  walls.  After  several 
Denver  sandstone  dewster  wells  wsre  drilled  and  the  casing  and  screens  were 
placed,  it  was  found  that  the  specified  pimps  would  not  fit  in  the  casing. 
The  original  puaps  ware  to  be  replaced  with  aauller  diaaatar  puaps  with  a 
special  corrosion-resistant  coating.  During  renovation  of  the  pilot  system 
wellhouses,  it  was  found  that  the  original  galvanised  steel  screens  in  the 
dewater  walls  had  failed,  allwing  gravel  pack  material  to  enter  the  walls. 
These  six  wells,  EW-1  through  DW-6,  ware  grouted  in,  cut  off,  and  abandoned. 
New  wells  with  stainless  steel  screens,  traps,  risers,  and  puaps  which  aet 
the  wore  stringent  requirements  of  this  contract  were  drilled  adjacent  to  the 
old  ones. 


6.2.8  Several  additionu  to  the  control  system  were  aade  by  Modifica¬ 
tion  12  to  alleviate  unforeseen  problems  in  the  dewater  systaa's  switches  and 
flow  pattern.  Also,  it  specified  changes  in  the  recharge  wall  heads,  requir¬ 
ing  constant  flow  orifice  valves  to  restrict  pressure  into  the  wells  and 
strainers  above  the  valves  to  prevent  debris  blockage  in  the  solenoids. 

6.3  BUMX 8.  The  subcontractor  performing  trench  backfill  changed  the  pro¬ 
cedure  used  for  gradation  tasting  of  backfill  after  the  initial  inspection  of 
the  testing  facilities.  This  mas  done  without  the  consent  or  knowledge  of 
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Che  Goverment,  end  wee  discovered  late  in  Che  projecC.  SubsequenC  cescing 
revealed  chac  Che  backfill  gTadaCion  for  much  of  Che  barrier  was  aignifi- 
candy  ouc  of  Che  range  specified  in  Che  conCracC.  Peraeabilicy  cescs  were 
performed  on  raprasanCaCive  saaplas  from  Che  barrier.  LaboraCory 
peraeabilicias  ranged  from  10“  ca/sec  Co  10“^  ca/see. 
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CHAFTB1  7.  -  POSSIBLE  FPTPKF  f|g«lJnB 

7-1  POIKHllAL  FKOHLgM  COSDlTlOkS .  Several  conditions  are  possible  that 
could  produce  problems  with  the  effectiveness  of  the  containment/treatment 
system.  Asiae  from  the  possible  failure  of  the  aechanical  portion  of  the 
system,  which  is  beyond  the  scope  of  this  report,  possible  problems  could 
occur  as  described  below. 

7.1.1  "Windows”  in  the  slurry  trench  backfill  could  allow  contaminants 

in  ground  water  to  seep  through  at  high  ground  water  level  periods. 

"Windowing"  could  occur  by  placing  large  particles  of  unblended  backfill 

material,  improper  gradations  of  backfill,  improper  placement  methods,  or  by 
sloughing  of  portions  of  the  trench  sides  during  excavation.  Any  of  these 
could  allow  a  higher  permeability  xone  through  the  trench,  and  would  be 
difficult  to  locate  upon  completion  of  construction. 

7.1.2  Seepage  through  permeable  Eones  in  the  Denver  Formation  below 

the  depth  of  the  slurry  trench  could  allow  movement  of  contaminants  below  the 
containment  system.  Th«  system  is  designed  and  constructed  to  cut  off  known 

permeable  sones  in  bedrock  but,  because  of  the  heterogeneity  of  the  Denver 
Formation,  unknown  permeable  sones  may  exist. 

7.1.3  Unexpected  high  ground-water  levels  could  overtax  the  dewater/ 

recharge  system.  This  is  unlikely  under  the  range  of  expected  situations  for 
which  the  system  was  designed.  The  possibility  for  such  an  occurrence  does 
exist,  however,  especially  under  a  combination  of  conditions  such  as  a  high 
ground  water  level  and  heavy  precipitation  combined  with  a  prolonged  shutdown 
of  the  system,  where  ground  water  could  build  up  along  the  barrier  until  the 
system  is  again  operational  (see  Figure  7-1).  There  is  an  underground 
storage  potential  in  the  case  of  short  term  treatment  system  shutdowns. 
Approximately  400,000  gallons  or  two  days  of  normal  expected  flow  (135  gpm) 
could  be  stored  before  adverse  buildups  of  ground  water  would  begin. 
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MOPEL  EMULATION  RESULT 
FLOOOMQ  DUE  TO  FUMP  SYSTEM  FAILURE 


7.1.4  The  ayatea  depend*  up<  Che  proper  functioning  of  Che  dewater 
and  recharge  well*.  Nearly  all  walla  require  routine  maintenance.  Screen* 
of  pumped  well*  frequently  become  encruated  and  loae  efficiency.  Recharge 
well*  are  au^ceptible  to  acreen  clogging  without  cloa*  control  over  the 
quality  of  the  injection  water. 

7.2  MCOMPP  WBCTWTOW.  The  barrier  and  well  ayatem  aa  deaigned  will 
require  periodic  maintenance,  aa  indicated  by  monitoring.  Conatant  obaerva- 
tion  ia  recommended  aa  follow*: 

7.2.1  Reading*  in  the  off-poat  monitoring  well*  ahould  indicate  the 

total  effectiveneaa  of  the  ayatem,  and  would  provide  indication*  of  problem 
area*  of  the  barrier.  Regular  monitoring  ia  eaaential. 

7.2.2  Monitoring  of  well*  and  piesometera  on  the  upgradient  aide  of 

the  ayatem  ia  alao  eaaential,  Reading*  her*  could  provide  information  on  pre¬ 
treatment  contaminant  level*  and  poeaibly  on  migrating  ground  water  pattern* 
aa  well.  The  careful  monitoring  of  el*  meter  levela  before  and  after 

conatruction  would  provide  an  early  warning  ayatem  for  "mounding"  of  the 
ground  water  behind  the  barrier.  A  rise  in  the  ground  water  could  provide 
the  neceaaary  head  for  the  water  to  aeek  an  alternative  route  under  the 

barrier  by  way  of  the  Denver  formation  aandatone*  or  fractured  clay-shale. 
Additional  monitoring  well*  could  be  inatalled  aa  required  to  detect  any 

change  in  aktpe  or  depth  of  the  contamination  pluses. 

7.2.3  Regular  inapection  of  the  aurface  of  the  alurry  wall  ia  recom¬ 
mended.  Slump*  or  depreasion*  along  the  aurface  of  the  barrier  may  be  an 
indication  of  a  "window"  condition  cauaed  by  improper  backfill.  Saturated 
aurface  condition*  might  indicate  ineffective  dewater/remater  ayatem  frac¬ 
tion.  Such  inapection*  might  alao  reveal  altered  aurface  flow  pattern*  after 
heavy  raina,  unauthorized  excavation*,  vehicle  traffic  in  unauthorized  area* 
of  the  barrier,  and  many  other  condition*  deleterious  to  the  entire  system. 
The  well  house*  should  be  periodically  inspected  for  water  leaks,  settlement, 
rodent  damage,  or  debria  accumulation,  end  should  be  kept  aider  continued 
maintenance. 


7.2.4  The  continued  effective  functioning  of  the  treatment  portion  of 
the  system  is  critical  to  the  maintenance  of  the  containment  portion.  As 
noted  previously,  buildup  of  water  on  the  upstrems  side  will  occur  with  a 
shutdown  of  the  treatment  system.  Short  shutdowns  for  maintenance  are 
expected  and  designed  into  the  system,  but  prolonged  shutdown  is  not  recom¬ 
mended.  Pus  ping  of  untreated  or  poorly  treated  water  into  the  rewetev  system 
could  cause  rapid  deterioration  or  clogging  of  the  well  screens,  reducing  the 
system's  effectiveness.  The  effectiveness  of  the  treatment  system  should  be 
monitored  close*  y  to  catch  developing  problass  before  extensive  system 
shutdowns  are  required. 

7.2.5  ump  control  probe  levels  may  eventually  require  adjustment  to 
perform  more  efficiently.  Pumping  rates,  water  levels,  and  duration  of 
pumping  should  be  monitored  for  efficient  performance. 
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PHOTO  2  -  PUMP  BEING  PLACED  INTO  WELL  DW  9 


PHOTO  5  -  GROUND  WATER  LOOKING  EAST  DW  47 
JULY  23,  1981 


PHOTO  6  -  RECHARGE  WELL  #1 
MARCH  1981 
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PHOTO  7  -  RECHARGE  WELL  #1  CONTROLS 
MARCH  1981 


PHOTO  8  -  EXISTING  RECHARGE  WELL  CONDITIONS 

MARCH  1981 


PHOTO  9  -  WELL  HOUSE  WAITING  TO  BE  HOOKED 
INTO  WATER  LINE  RECHARGE  PHASE  II 
APRIL  22,  1981 


PHOTO  10  -  RECHARGE  WELL  W  MECHANICAL  REMOVED 

JUNE  18,  1981 


PHOTO  12  -  PLACING  GRAVEL  PACK 
FEBRUARY  1981 


PHOTO  13  -  SAMPLE  TAKING  REVERSE  ROTARY  RIG 

MARCH  1981 


PHOTO  14  -  DEVELOPING  PROCESS 
MARCH  1981 


PHOTO  15  -  COBBLES  FROM  HOLE  DW  22 
APRIL  23/  1981 


PHOTO  16  -  NORTH  END  OF  1ST  CREEK  &  LEVEE 
APRIL  23/  1S81 
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PHOTO  17  -  EXPLOSIVE  CHARGE  LINE  FOR  2ND  BLAST 

JULY  15,  1981 


PHOTO  18  -  LOADING  EXPLOSIVE 
JULY  15,  1981 


PHOTO  19  -  GROUND  WATER  BUBBLING  UP  AFTER  1ST  BLAST 

JULY  13,  1981 


PHOTO  20  -  20  -  STICK  CHARGE  PLACED  ON  SANDSTONE 
AUGUST  11,  1981 
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PHOTO  21  -  GROUTING  PIEZOMETER 
APRIL  1,  1981 
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PHOTO  22  -  GROUTING  OPERATION  FOR  CONDUCTOR  PIPE 


PHOTO  23  -  USING  FOAM  TO  DRILL  DENVER  SANDS 
•  DEWATER  WELL  W/  AIR  ROTARY  RIG 
JUNE  24,  1981 
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PHOTO  24  -  PORT-A-DRILL,  CUTTINGS  IN  STRAINER 
JUNE  18,  1981 
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PHOTO  26  -  GRADING  SLOPE  TO  PROPER  ANGLE  AT  WEST  END 

JUNE  26/  1981 
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PHOTO  28  -  ADDING  SLURRY  TO  STABILIZE  PHASE  II  CUT 

MAY  11,  1981 


PHOTO  37  -  REVERSE  ROTARY  DRILL  BEFORE  SETUP 

MARCH  1981 


PHOTO  38  -  BEGINNING  EAST  TRENCH  APPROX.  50' 
EAST  OF  FIRST  MARKER 
JUNE  19,  1981 
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PHOTO  40  -  LINK  BELT  AT  ABOUT  15'  DOWN  IN  TRENCH 

JUNE  18,  1981 


PHOTO  41  -  D8K  DOZER  WORKING  HILL  FOR  CAP  MATERIAL 

JUNE  17/  1981 


PHOTO  42  -  LOOKING  EAST  AT  HILL  CUT/ 
FIRST  CREEK  IN  FOREGROUND 
JULY  6/  1981 
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PHOTO  44  -  BACKHOE  USED  FOR  SLURRY  TRENCH.  MAXIMUM  DEPTH  41' 

APRIL  17,  1981 


PHOTO  US  -  WEST  END  SLURRY  TRENCH 
APRIL  16,  1981 


PHOTO  US  -  WEST  END  SLURRY  TRENCH  W/  DOZER 
IN  BACKGROUND  MIXING  BACKFILL 
APRIL  16,  1981 


PHOTO  49  -  1ST  CREW  CORING  HOLES 
ALONG  CENTER  LINE  OF  EAST  TRENCH 
MARCH  1981 


PHOTO  50  -  D8K  -  ECI  EARTH  MOVING 
FEBRUARY  23,  1981 


PHOTO  51  -  FRONT  END  LOADER  (ECI) 
MARCH  1981 


PHOTO  52  -  m  CAT  MOTOR  GRADER  (ECI) 
FEBRUARY  23,  1981 
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GENERAL  NOTES: 
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OENATER  NELLS  NUMBER  ON  36  THROUGH  ON  SN  LOCATED  IR 
the  OERVER  SAMOS  FORMATION  CAN  BE  INSTALLED  F0LL0NIN6 
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SOU.  CLASSIFICATIONS 


CLAY  CONSISTENCY 


SYMBOL 

lETTCt 

immtiiM 

GW 

SELL  CI10E0  GRAVELS  OR  GRAVEL -SAHQ 
HIITUII5  LITTLE  OR  NO  FINES 

6523 

GP 

POORLY  GIADcO  GRAVELS  OR  GRAVEl-SANO 
MIXTURES.  LITT-E  OR  NO  FINES 

GAR 

mrt  ciaiels  ciavei-sano-sht  hutuies 

tEja 

GC 

CUIEE  (RAVELS  (RlVEL-SSRO-CUr  NIITURES 

KK2A 

SC-GC 

OUAL  CLASSIFICATION 

sw 

RELL  GRAOEO  SANOS  OR  GRAVELLY  SANOS 
utile  or  no  fines 

SP-GP 

3U1L  CLASSIFICATION 

zsa 

SP 

POORLY  GRAOCO  SANOS  OR  GRAVELLY  SANDS 
LITTLE  OR  NO  FINES 

MH 

SM 

SHTV  SANOS.  SANO-SILT  NIITURES 

tZZZi 

SC 

CLAYEY  SANOS  SANO-CLAY  NUTU3ES 

KM 

SM-SC 

OUAL  CLASSIFICATION 

Ml 

SM-SP 

OUAL  CLASSIFICATION 

mmi 

ML 

INORGANIC  SILTS  ANO  VCPV  FINE  SANOS  ROCK 
FLOUR.  SILTY  OR  CLAYEY  FINE  S/NDS  OR 
CLAYEY  SILTS  IITH  SLIGHT  PLASVIUTT 

mm 

CL 

INORGANIC  CLAYS  OF  101  TO  NEC  N  PLASTICITY 
GRAVELLY  CLAYS  SANOY  CLAYS  SILTY 

CUVS.  LEAN  CLAYS 

am 

ML-CL 

DUAL  CLASSIFICATION 

imm 

OL 

ORGANIC  SILTS  ANO  ORGANIC  SILT-CLAYS  OR 

LOI  PLASTICITY 

urm 

INORGANIC  SILTS.  NICACEOUS  OP  OIATONACEOUS 
FINE  SANOY  OR  SILTY  SOUS  ELASTIC  SILTS 

r7Z7A 

CM 

INORGANIC  CLAYS  OF  NEOIUN  TO  HIGH 

PLASTICITY  ORGANIC  SILTS 

V7S7A 

OH 

ORGANIC  CLAYS  OF  NEOIUN  TO  HIGH  PLASTICITY 
ORGANIC  SILTS 

PT 

PEAT  AND  DIKED  H1CHLT  OICAKIC  SOILS 

mnmmnc.  description 


HOIS/FT 


YEIY  SOFT 


I1TK0UT  FORM 


<2 


SOFT 

ItCOUJH  STIFF 

STIFF 

VEIT  STIFF 
MAIO 


REAOHY  OEFORNED  IT  FINGERS  IfTM  LIGHT 
PRESSURE  OR  EASILY  SQUEEZED  THROUGH 
FINGERS 

CASILT  OEFOINED  IT  FINGERS  HTH  NOOERATE 
PRESSURE  RUT  CANNOT  IE  S0UEE2E0 
THROUGH  FINGERS 

OEFORNEO  IITM  DIFFICULTY  IT  FINGERS  A 
PENCIL  JAIIEO  INTO  THE  SANPLE  RILL 
PENETRATE  ANO  TENO  TO  STICK 
THIS  IS  NOT  A  TYPICAL  COE  CL  AT  CON¬ 
SISTENCY  CHARACTERISTIC 
CAN  IE  GOUGE 0  IT  FINGERNAIL  A  PENCIL 
JARRE 0  INTO  THE  SANPLE  RILL  PENETRATE 
SLOItT  RUT  DOES  NOT  TENO  TO  STICK 


2-M 


I  S' 30 
>39 


CHARACTERISTIC 


COMPACTNESS  (SILT  ANO  SAND) 

■LQtS'FT. 


LOOSE 

NEOUT  OENSE 
'TENSE 

VERT  OENSE 


<  13 
10-33 
30 -S3 
>50 


i 

fej B5S1 

ESI 


-SOCK  CLASSIFICATIONS 

SANDSTONE.  SN.TY  OR  CLAYEY  SANOJTONE 
SILTY  SANOSTONC/SANDY  SHTSTONE 
CLAYEY  SANDSTONE/ SANOY  Cl  AY  STOKE 
SILTSTONE  SANOY  OR  Cl  AYEY  SltTSTONE 
CLAYEY  SILTSTONE/ SILTY  CLAYSTONC 
Cl  AY  STONE  SILTY  OR  SANOY  CLAYSTONE 
COAL,  LIGNITE 
SHAH 


ROCK- FRACTURES 

CHARACTERISTIC  DESCRIPTION 


CRUSHED 

FRAGMENTED 

CLOSELY 

FIACTUIEO 


GENERALLY  REFERS  TO  ROCK  VHICH  IS  HIGHLY 
FRACTUIEO  OR  FRACNENTAl  RUT  CONTAINS 
SOME  CLAY  N'TERIAL  INTERMIXED  IMPLICATION 
OF  RENG  N0V.4ENT  INOUCED 
CORE  IN  PIECES  I  RUT  NOT  NECHANICALLY  BROKEN ) 
•HICH  IEIE  TOO  SNAIL  EVEN  TO  RE  NEASUREO 
AS  CORE  LENGTHS 

FRACTURES  SPACED  GENERALLY  LESS  THAN  0  5 
FOOT  APART 


NODERATELY  FRACTURES  SPt.tO  GENERALLY  BETIEEN  0.5 

FRACTURED  FOOT  ANO  10  FOOT  APART 


GEOPHYSICAL  BORING  LOGS  (ELECTRICAL) 
SYMBOLS ANQ ABBREVIATIONS 

(VCI  RHCITG  C-40  TlBVU  C-OB) 


JMIIACTEI'STIC 

STMRth. 

KfUHTKH 

SOFT 

SL 

ONHS 

FRIABLE 

tt  OR  YY 

GANNA  GAMMA  RAOIATIOM 

N-N 

NEUTRON  RAOIATtON 

NODERATELY 

HARO 

mnmm 

NAIO 

CAL 

C  ALIM  AT  IBM 

VERY  MARS 

CPS 

CYCLE  PER  SECSHi 

OIV 

SIVIStBB 

FT 

FEET 

m 

■CN 

K 

TMCUSANO 

HM 

RHMTE 

NV 

WLU-VBLT 

N/R 

HST  APPLICABLE 

PS 

PR  ME  LME  COt MG 

R 

RESISTANCE 

SP 

SPONTANEOUS  POTENTIAL 

UN 

HNNOVH 

BQfl L-HAPPNESS 

DESCRIPTION 

CAN  RE  SCRATCHED  IITH  FINGERNAIL 
EASILY  REDUCED  TO  CRUNR  OR  GRAIN  IITH  NOOERATE 
FWGER  PRESSURE  (THIS  IS  NOT  A  TYPICAL  COE  <•> 
ROCK  HARDNESS  CHARACTERISTIC  I 
CAN  IE  SCRATCHED  EASILY  IITH  A  KNIFE  CANNOT 
K  SCRATCHED  IITH  A  FINGERNAIL. 

DIFFICULT  TO  SCRATCH  IITH  A  KMFC. 

CANNIT  K  SCRATCHES  HTN  A  KMFE 


CORPS  OF  CHCMEIS 


iill 


— twui- 

— «*u>— 


BCVITI8  rOLLCCTHH  UBE 
RECHARGE  IATER  UBE 
KIRTEI  MAIFM.I  LW  "A* 
MSATfl  H&WFSLS  LMt  *1° 
MIATEI  HUM  SLR  UBE  *C* 
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BV 


SYMBOLS 


J  no/Mr/m 
Y  tnuUKrnt 

♦ 


ESTIMATED  CIOUMD  RATER  LEVEL  MEASURED  AT 
TIME  OF  QRlLLINC 

VATEI  LEVEL  NEASUIEO  FIOM  PIEZOMETER 

IOC. ACS  DULLED  AMO  lOCCEO  IT  EAITH  SCIENCES 
ASSOCIATES  INC 

IQIMCS  MILLED  ANO  LOCCEO  IV  OTHEIS 
DULL  HOLE 

DENOTES  NUNIEI  OF  ILOlS/FIOT  FION  STANOARO 
PENETRATION  TEST 
CENCNTI0  MATERIALS 
IAITN 
BEDROCK 

SHEAR  STRENGTH  RSI.  OITAINEO  FROM  UNCONFWED 
COMPRESSIVE  STIENCTH  TESTS 


AND) 


- <ia 

• - 13*39 

-  30- SO 

—  >50 


BIN 

HORN 

1  0  H 

IOTTON  OF  HOLE 

10  1 

BASE  OF  IEATHEIINC 

CLC 

CA1CER0US 

CL.  FRA 

CLOSELY  FIACTUREO 

0A. 

OAV 

OIA 

OIANCTER 

0  H. 

ORILLEO  HOLE 

FT. 

FEET 

FRA 

FRACTURED 

FRAC 

FRAGMENTED 

NED 

MCOIUN 

NOD 

MOOERATELT 

N  FRA. 

NOOERATELV  FiACTUREO 

MO 

NONTH 

SL. 

SUCHTLV 

r.a 

TEST  HOLE 

T  O  s. 

TOR  OF  RE CROCK 

T.aa 

TOR  Of  HOLE 

UN. 

UNICATHERCO 

II 

•ELL  BOTTON 

*/ 

■ITH 

VI. 

TEAR 

NQOERATE 

•ICAI.  COE  l«> 


1111  TIMS 

c::::: 


o»  O 

©oa 

m  o 

0«w 
•  *» 

o«  Q 

Boa 

■  •a 

»»a 

B«a 

— X— 

' — » — 

-*=*- 

O 

A 

IUHOMCS 

MAPS 

CUM  I  CUTTER 
•AUS 

CONTOURS  I  FEET  AM  VC  MAN 
SIR  LEVEL) 

SUIT  MAM  ELEVATIONS 
•IRECnON  M  HAM  ACC 

CVLVCNT 

MfATCI  IATEI  LMC 

IECKAICE  IATEI  LMC 

OCIATCI  KLLS 

ICCNARCC  KLLS 

KOIICK  SAMS  OEIATER  KLLS 

M IATEI  KLL  RUM  NO UU 

KOtOCE  SAMS 

MIATEI  KLL  RIM  HOUSE 

IECHAIU  KLL  RUNO  MUM 

•AIM!  DK 

SATE 

UTLITT  ROLE 
CERTIAL  AMU  M  CNN 


MJtcaavuTe# 


UOCHO  WMTC  DISPOSAL  FACILITY 
MONTH  BOUNOANY  EXPANSION 
MOTCCHNtCAL  LKSCNO 


HONK  VAU*  INOaNBUNO  -  ! 


TI-07-  IS 


PlATf  M 


GEOTECHNICAL  NOTES 


»  TM£  data  SHORN  Oil  SHEETS  C-13  THROUGH  C- 25.  GRAPHICALLY  It 
SYMBOL  ADO  HOTC  AIE  COMPILATIONS  OF  DATA  FROM  THE  FIELD  LOSS 
•MICH  Alf  THE  OMLT  IEC0*0  OF  THE  ACTUAL  CEOLOSIC  FEATURES 
OISEIVED  F AON  A  OETAlLtO  EXAMINATION  Of  THE  CORE  OITAINED  OUR- 
INC  EXPLORATORY  DRILLING  THIS  PRESENTATION  OF  DATA  FION  THE 

field  loc  is  provided  to  asmt  the  comtiactoi  in  h»s  examination 

OF  THE  COIE  AT  THE  SITE  J  AS  A  GUIDE  IN  THE  STUDY  OF  THE 
FICLO  LOSS 

* 

2  THE  LOSS  SMQ1N  ON  SHEETS  C-NO  THIOUCH  CIS  ANO  THE  FIELD  LOSS 
AIE  REPRESENTATIVE  C  SUBSURFACE  CONClTlONS  FOt  THE  EXPLORATORY 
BORINGS  AT  THEII  RESPECTIVE  LOCATION*  AS  SHORN  ON  THE  OAAIMSS. 

AN«  FOt  THE  It  lESPECTItf  BEACHES.  LOCAL  VACATIONS  CHAfAC  TEtlSTlC 
Of  SUBSUtFACE  MATERIALS  Of  THIS  .4 SION  ABC  ANTICIPATED 

3-  LETTEB  STNBOIS  SUCH  AS  GC.  SC-  Sr-  SR.  CL.  ETC  AIE  IN  ACCOIO- 
A  NCI  tITH  THE  UNIFIED  SOU  CLASSIFICATION  SYSTEM  OF  THE  OIPARTNCHT 
OF  OtFENSE  (Nll-STOIIBIH. 

0.  CLASSIFICATION  OF  IEOROCK  IN  ACCORDANCE  BITM  STNBOLS  ANO  CATE- 
S0RIE5  SHORN  IS  A  VISUAL  CLASSIFICATION.  THE  ROCKS  BELONG  TO  THE 
DENVER  FORMATION  OF  LATE  CRETACEOUS  ANO  EARLT  TERTIART  (PALEOCENE) 
ACE  fOR  THE  MOST  PART.  THE  DENVER  FORMATION  IS  CONPOSED  OF 
SANDSTONES.  SILTSTONES-  AMO  CLATSTONCS  STRUCTURALLT  THE  MATERIAL 
IS  INTERIEOOEO  IN  BEOS  V-RYINC  FROM  LESS  THAN  I  FOOT  TO  GREATER 
THAN  10  Fr£T  IN  THICKNESS.  LATERAL  CONTINUITV  IS  UNCONNOM  IITH  HOST 
UNITS  LENSWG  OUT  OR  Ml  TERF  INGE  RING  IITH  OTHER  UNITS.  THE  SCCtEE  OF 
•FATHERING.  FRESHNESS-  ANO  FRACTURING  OF  THE  ROC(  BAS  OETEMINEO 
•Y  THE  PHYSICAL  APPEARANCE  ANO  CONOITION  OF  THE  CORE  ttHNITIOiS 
TP  DESCRIPTIONS  OF  ROCK  FRACTURES  ANO  HAIONESS  ANC  ROCK  CLASSIFI¬ 
CATIONS  ARE  SHORN  ON  GEOTECHNICAL  IECENO  SHEET  1 

S.  CONTINUOUS  PQ  CORE  SANPLES  OF  THE  OENVER  FORNATION  NaTERlALS 

(30  HOLES)  ARE  AVAILABLE  TOR  INSPECTION  AT  ROCKY  P'MiNTAM  ARSENAL 
•WOERS  SHOULD  El  AMINE  THE  CORE  SANPLES  TO  SATISFY  THEMSELVES  AS 
TO  THE  PHYSICAL  PROPERTIES  OF  THE  ROCK. 

I  DRILLING  NETHOOS  AIE  OENOTEO  AS  FOLLOWS 
A.  I  AUGER  BORING 

ABAC  AUGER  BORING  ANO  ROTARY  CORING 
•I  ROTARY  RASH  CORING 

MIS  NETHOO  NOT  STATEO 

7  DULL  HOLES  ICBC  ACCONPUSHEO  »Y 

A.  STANDARD  PENETRATION  TEST  PROCEDURE  USING  A  1-3/1*  10  I 
2‘  -B"  LONG  SPLIT  SPOON  SAMPLE  SPOONS  BERE  AOVANCEO  BY 
A  1  NO  POUNO  HAMMER  FALLING  30  INCHES  SOME  HOLES  REBE 
SAMPLED  CONTINUOUSLY  ANO  OTHERS  IERE  POIFI  AUGERED  BE¬ 
TWEEN  SANPLES. 

t.  CORING  IAS  ACCONPUSHIC  USING  PO-3  BIRELME  EOUIPNENT  THE 
LENGTH  Of  THE  INNER  SAMPLE  BARREL  IAS  19  O'  ANO  THE  INSIDE 
OIANCTEI  «AS  J.2NV  FIVE  TO  TEN  FOOT  LENGTHS  OF  CORE  BERE 
CUT  UTILIZING  OIANJNO  OR  CAIHOC  BITS 

I.  CORE  LOGS  ARE  SHORN  GRAPHICALLY  I  ANO  SOMETIMES  BY  NOTE  f»  THE  IENAIKS 
COLUMN)  ON  ESA(N)  CULLING  LOGS.  (RIGHT  NANO  SIDE  OF  SAMPLE  COLUMN  I 

I.  BORINGS  OENOTEO  BITH  AN  ASTCIISK  ***  ABE  SHOBN  ONLY  IN  PLAN.  LOGS 
FOB  THESE  PAITlCULAB  BORINGS  AIE  AVAILABLE  FION  THE  OMAHA  DISTRICT 
OFFICE.  CORPS  OF  ENGINEERS 

ID  GROUND  RATER  LEVELS  ABC  NOT  AVAILABLE  FOB  ALL  BOREHOLES.  ABSENCE 
OF  GROUND  RATER  DATA  ON  A  BORING  LOG  OOES  NOT  NECESSARILY  NEAR 
THAT  CIOUNO  BATE!  BILL  NOT  BE  ENCOUNTERED  AT  THAT  LOCAHQN  IITHIN 
THE  VERTICAL  REACH  OF  THE  BORING  GIOUNO  BITER  LEVELS  INDICATED 
ON  BORING  LOGS  REFLECT  THE  LEVEL  AT  THE  TIME  MEASURED  CROUMO 
BATE!  LEVELS  NAV  VARY  IITH  TINE. 

II.  RELATIVE  OENSITV  OF  SANO  STRATA  ANO  CONSISTENCY  OF  SHT  OR  CUT 
BERE  CSTINATEO  BY  VISUAL  INSPECTION  Of  SOIL  SANPLES  AT  TINE  OF 
DRILLING  DEFINITIONS  OR  DESCRIPTIONS  OF  CLAY  CONSISTENCY  ANO  CON- 
PAC’«£3S  OF  SILT  ANO  SANO  ARE  SHOBN  ON  GEOTECHNICAL  SHEET  B 


12.  MOISTURE  CONTENT  DESCRIPTIONS  BERE  CSTINATEO  BY  VISUAL  IN 
T 101  OF  S ‘NPLES  AT  THE  TINE  OF  OtllLlNG 

13  NORC  OE TAILED  INFORMATION  ON  OIILLINC  PROGRESS-  CORE  LOS< 
IATEI  OATA.  FRACTURES  ANO  OTHER  OATA  ARE  SHOBN  ON  THE 
LOGS.  COPIES  OF  THE  FIELD  LOGS  ARC  AVAILABLE  FOR  INSPtC 
M  THE  OFFICE  OF  THE  U  S  ARNV  ENGINEER  OISTRICT.  OPAHA 
ANO  M  THE  OFFICE  OF  THE  OENVER/CKEVENNE  RESIDENT  ENGINF 
OFFICE.  DENVER.  CO 

IN  LINES  BETIEEN  BORINGS  OESIGNATEO  AS  TOP  OF  IEOROCK  ARC  E 
NATES  OMLT . 

IS.  ELEVATIONS  OENOTEO  (IV  TOPOI  ICIf  OETfRNINEO  IV  INTERPOL 
FtON  THE  CONTOUR  NAP 

IB  SHF  At  STRENGTHS  <S||)  BE  BE  OOTAlHEO  FION  UNCONFINEO  CONPI 
STRENGTH  TESTS  ON  COIE  SANPLES  FtON  THE  OENVER  FORNATiO 
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CUT  DESCRIPTIONS  «R£  ESTIMATED  IT  VISUAL  INSPEC 
ES  AT  THE  TINE  (if  DIILLMC 


INFORNATION  ON  ORIUINC  PROGRESS-  CORE  LOSS- 
RACTURES  ANO  OTHER  DATA  ARE  SHORN  ON  THE  FIELD 
OF  THE  FIELD  L06S  ARE  AVAILABLE  FOR  INSPECTION 
OF  THE  II  I  ARNT  EN6MEER  DISTRICT.  QNANA.  ME 
FICE  OF  THE  DENVER/ CHEYENNE  RESIOENT  ENCMECR 
R  CO 

MRtNCS  OCSICNATED  AS  TOP  OF  KOROCR  ARE  ESTl- 


NQTEO  (IT  TOPOI  IEIE  OCTERNWCO  IV  MTCIPOUINM 
OUR  NAP 

HS  (Su*  RCRI  QITAWCO  FtON  UNCONFWCO  CONPIEISIVC 
S  ON  CORE  SAMPLES  FROM  THE  OENVER  FORMATION. 
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